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Durdlestone  Bay. 
Durdlestone  Bay. 

Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 

Durdlestone  Bay. 
Durdlestone  Bay. 

Byeford 

Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Gloucestershire  .. 
Durdlestone  Bay  & 
Ridgway.Dorset. 


dgwi 
Mib, 


Creecb,  Dorset 
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Locality. 


Insect-remains?   

UMhtUum  AgrioM.    PI.  XT.  f.  4  ... 

Kaupiu    Pl.xvii.f.21    

Myrmiehan  HeerU,    PI.  xviii.  f.  2 1 . . . 
Nepidhsm  SioUmet,    PI.  x?iii.  f.  9 
Panorpidhim  ietsettatum,  PI.  x?.  f.l7 

,  var.  ?    PI.  xvii.  f.  12 

Phryganeidium  Pytho.  Pl.xviii.f.  31 
Rqphidhan  Brephot.    PI.  xvii.  f.  16  . 

Sialium  Sqtylut,    PL  xviiL  f.  24 

Simttttdiumpritcum,    PI.  xv.  f.  15... 
Telephorium  AbgtuvM.     PI.  xviL  f.  4 . 
Teniyridium  Peleut.    PL  xiv.  f.  21. . 
Temutidhm  ignotum.    PI.  xv.  f.  16 


Wealden 

Lower  Purbedc. 
Lower  Purbeck. 
Lower  Porbeck. 
Lower  Purbeck. 
Middle  Purbeck, 
Lower  Purbeck. 
Lower  Purbeck, 
Lower  Purbeck. 
Lower  Purbeck. 
Middle  Purbeck. 
Lower  Purbeck. 
Lower  Purbeck. 
MlddlePurbeck. 


Swanage  Bay 

Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Ridgway,  Dorset. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 
Durdlestone  Bay. 


B&TOZOON.     (1.) 

Lqphokpii Hagenom.    PI.  v.  f.  7   ...|  Cretaceous |  Farringdon. 


U 


Chonetes  comoides.  PLviii.  f.  1-8... 

,  n.  sp.    PL  viiL  f.  12, 13 

Productus  giganteus  ?    PL  viii.  f.  9 
-  horridus.    PL  viiL  f.  10 


MOLLUSCA.  (40.) 
(Paltiobranchiata.) 
Carboniferous. 


Devonian   

Carboniferous. 

Carboniferous. 

^—'  longispinus.    PL  viiL  1 11 1  Carboniferous. 

{LttmeUibranehiata,) 


Cardkan  LayiomL    PLii.f.1,2.. 


Corbula  Amouldii    PI.  ii.  f.  3 

Regulbienm.      PL  iL  f.  4,  5 ; 

var. /3.  PLii.f.6. 

Cyrena  eordata,    PL  ii.  f.  7-~9 

intermedia.    PLii.f.10,11    . 

Dianchora  T  guttata,    PL  vi.  1 4.... 
Lima  Farrmgdoneniit.    PL  vL  f.  2  . 

Modiola.    Woodcuts   

Modiola  Mitehem.    PLiLf.12,13. 


donata.    Pl.ii.f.l4  

Plicattda  uuBguideiu.    PLvLf.3   ... 
Ptammobia  ?  QmdammL  PL  iL  f.  15. 


Unio.    Woodcuts.. 


Woolwich  and 

Reading 

Series. 
W.  &  R.  Series. 
W.  &  R.  Series. 

W.  &  R.  Series. 
W.  &  R.  Series. 

Cretaceous 

Cretaceous 

Carboniferous. 
Woolwich  and 

Reading 

Series. 
W.  &  R.  Series. 

Cretaceous 

Woolwich  and 

Reading 

Series. 
Carboniferous. 


AinpuUaria    (Natica)     subdepressa. 
PL  u.  f.  16. 


{Qa9teropoda,) 

Woolwich  and 
Reading 


AnricHia  {Ommmkut)  pygmaa»    PI. 
ii.f.  17. 


Series. 
W.  &  R.  Series. 


North  Wales,  &c. 
N&ou,  France  .. 


Richborough  . 


OakvwiUs 

The  Reculvers 


Woolwich  

Woolwich  

Farringdon 

Farringdon 

Nova  Scotia  ..., 
New  Cross,  &c. . 


Sundridge  .... 
Farringdon..., 
Counter  Hill  . 


Nova  Scotia 

Richborough  , 
Woolwich  .... 
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LoctUty. 

Page 

W.&R.  Series. 
W.  &  R.  Series. 
w.  &  A.  Senes. 
W.  &  R.  Series. 
W.&R.  Series. 
W.&R.  Scries. 
W.&R.  Series. 
W.&R.  Series. 

Woolwich  

159 

Woolwich  

159 

ZiPMtt.    PLiLf.20    

Woolwich  

159 

DemUJmm.    PLiLf.25  

Heme  Bay 

155 

H^^byMaParkmmmL    Pl.iLf.21  ... 
WeMeri,    PLii.f.22    

Woolwich,  &c.  ... 
Woolwich,  &c.  ... 
New  Cross,  &c. ... 
Sundridge 

160 
160 

Pdiidizuileiita.var.    PLiLf:23 

PsieOm,    PLiL£24 

160 
155 

NmUiku  Fwrrmgdom 


{Cqthalqpoda.) 
PLri.f.  1.1  Cretaceous I  Farringdon. 


ICepkalqpoda  in  Part  II.  (Miscell.)  of  this  Volume.] 


Asooceria.    Woodcut 

Cyrtooerai  heterodytum.    Woodcut. 

Cyrtocerata.    Woodcuts 

Gompbocoas.    Woodcut    

minim.    Woodcut 

LHuite  (mouth  of).    Woodcut    

Naotilus  Bohemicns.    Woodcut 

OrthoGoata.    Woodcuts 

Phragmoceras  BroderipiL  Woodcut. 
— ^  callistoma(mouthof).  Woodcut 
Loreni  (mouth  of).    Woodcut. 


SUurisn  . 
Silurian  . 
Silurian  . 
SUurian  . 
Silurian  . 
Silurian  . 
SUurian  . 
Silurian  . 
Silurian  . 
Silurian  . 
Silurian . 


Bohemia.. 
Bohemia... 
Bohemia.. 
Bohemia.. 
Bohemia.. 
Bohemia.., 
Bohemia.. 
Bohemia.. 
Bohemia.. 
Bohemia.., 
Bohemia.. 


..|  198 


26 
25 
24 
25 
22 
22 
21 
23 
25 
26 
26 


PiSCBS. 

D^teromoiw  Cfpkm$,    PL  xi 

Lq^doeteus  (vertebra).  PI.  iii.  f.  1... 


(6.) 


LqridotMi  brevieepi.    PI.  xii.  f.  2 

kmgieepM,    PL  xii.  f.  1    

Fish-remains  (Perca  Lorenti  ?).     PI. 

xiiL 
FSsh-remains.    PL  iii  f.  2,  2*,  2**. 


New  Red  Sand- 
stone. 

Woolwich  and 
Reading 
Series. 

Jurassic 

Jurassic 

Tertiary , 


Woolwich  and 
Reading 
Series. 


Bromsgrove 
Upnor 


Kotah,  Deccan  .. 
Kotah,  Deccan  .. 
Mokattam,  Egypt. 

Woolwich,  &c  .. 


369 
156 


372 
371 
374 

157 


PI.  ix.. 


Btphtie$  fiiameqn. 
Braehjfcpt  latieept 


MaeeOotku  BrodieL    Woodcuts,  figs. 

6-8. 
Nmtketei  dettrueior.  Woodcuts,  figs. 

1-5. 


RlPTILIA.      (4.) 

Carboniferous... 


Purbeck. 
Purbeck. 


Pictou,   Nova 

Scotia. 
Mangali,  Central 

India. 
Durdlestone  Bay, 

Dorset. 
Durdlestone  Bay, 

Dorset 


207 
473 
422 
420 


Bird's  bone 


Avis.    (1.) 
....|  W.  &  R.  Series.  |  Counter  HiU |    157 
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|P*ge. 

cato,  figs.  9-12. 

Ichnites  (of  Hymenocaris  ?). 

cut. 
Ichnites  (?).    PI.  xix 

Mam 

Wood. 

Wood. 

HAL*.     (I.) 

Durdlestone  Bay, 
Dorset. 

North  Wales 

Hastings  and  Bex- 
hiU. 

426 

SHNTRS.] 

Silurian 

210 

Wealden 

456 
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EXPLANATION  OF  THE  PLATES. 


Plate 
1. — Sections. 


2. — ^Fossil  Shells 


3. — ^Fossil    Bones,    Plants, 

AND  BnTOMOSTEACA... 


4. — Fossil  Plants 


To  illostnte  Bfr.  Prettwich's  paper  on 
the  Woolwich  and  Reading  Series. 

To  &ce  p.  170 


5. — ^Fossil  Amokpbozoa  and 

Brtozoa I  To  illustrate  Mr.  D.  Sharpens  paper  on 

6^Fo.«L  MOLLWCA  (     **  ''*^««lo»  GmeU 198 


7. — VoLKMANNiA  MoREisn,  to  illottrate  Dr.  Hooker's  paper  on  a  New 

Species  of  Volkmannia 199 

8.~Cbonetbs  and  Peoductus,  to  illustrate  Mr.  DaTidson's  paper  on 

Chonetes  oomoides 206 

9. — Bafhetes  flaniceps,  to  illnstrate  Prof.  Owen's  Paper  on  a  Fossil 

Beptile  in  the  Coal  of  Picton 207 

10.— Geological  Map,  to  illustrate  Dr.  Bigsby's  paper  on  the  Geology  of 

Rainy  Lake 215 

11« — ^Dipteeonotus  ctpbus,  to  illnstrate  Sir  P.  Egerton's  Palichthyologic 

Notes:  No.  7 371 

12.— Fossn.  Fishes  from  the  Deccan,  to  illustrate  Sir  P.  Egerton's 

Palichthyologic  Notes:  No.  8 373 

13. — Fish-»£mains  feom  Eotft,  to  illustrate  Sir  P.  Egerton's  Palich- 
thyologic Notes:  No.  9 377 

14.18._FossiL  Insect-remains,  to  illustrate  Bfr.  Westwood's  Contribu- 
tions to  Fossil  Entomology  396 

19d — ^Fossil  Footprints,  to  illustrate  Mr.  Beckles's  paper  on  the  Omi- 

thoidichnites  of  the  Wealden   456 
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ERRATA. 

Ptge  119y  line  6  from  the  top,  >br  L.  Hopd  tnd  daMa  read  L.  elegtns,  Hopei, 
and  Terticalii  ? 

—  125,  —  5  from  the  bottom,  tnd  p.  130,  note,  line  2,  Jbr  Greywetthen 

read  Greywethen. 

—  127,  — 14  from  bottom, /or  Apchurch  read  Upchnrch. 

—  169,  — 11  frxim  bottom,  add  (magnified  15  diameters). 

—  296,  — 23  from  bottom, /»r  Fichtelgebirge  re«uf  Vogelgebirge. 

—  310,  woodct]t,ybr  Atlantic  rMuf  Pacific 

—  322,  line  2  from  top,ybr  Hbaplbt  read  Hbapbt. 

—  474,  — 23  from  top,  for  breoieepi  read  iatietpi. 
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GEOLOGICAL  SOCIETY  OF  LONDON, 


ANNUAL  OBNBRAL  MEETING,  FEB.  17, 1854. 
REPORT  OF  THE   COUNCIL. 

Ik  lajing  their  Annual  Report  before  the  Fellows  of  the  Geological 
Sodetj,  the  Council  have  again  the  satisfaction  of  congratulating 
them  on  its  continued  efficiency  and  prosperity.  Its  numbers  have 
increased  during  the  past  year^  its  income  has  considerably  exceeded 
its  expenditure,  and  its  publications  hare  been  more  than  usually 
demanded  by  foreign  geologists. 

During  this  period  26  new  Fellows  have  been  elected,  and  5  elected 
m  the  preceding  year  have  paid  their  admission-fees ;  making  an  in- 
crease of  31  new  Members.  On  the  other  hand,  there  have  been 
13  deaths,  8  resignations,  and  5  removals,  viz.  Fellows  whose  names 
hsTe  been  struck  off  in  accordance  with  the  By-Laws  of  the  Society ; 
making  the  number  of  26  to  be  deducted  from  31,  and  leaving  a 
total  increase  of  5.  No  change  has  taken  place  in  the  numbers  of 
the  Foreign  Members ;  the  Society  has  lost  2  by  death,  but  this  has 
been  compensated  by  the  election  of  2  new  Foreign  Members.  The 
total  number  of  the  Society  has  been  thus  raised  from  866  in  1 853  to 
871  at  the  commencement  of  the  present  year. 

The  income  of  the  Society  durine  the  past  vear  (exclusive  of  compo- 
dtion-fees)  has  exceeded  the  expencuture  by  the  sum  of  j61  1 2  3«.  3d. ; 
in  excess  owing  principally  to  the  increased  number  of  admission- 
fees.  It  will  be  remembered,  that  at  the  close  of  1852  the  excess  of 
income  over  expenditure  during  that  year  was  £70  12«.  M. 

The  number  of  compounders  at  the  dose  of  1852  was  133 ;  at  the 
dose  of  1853  it  was  increased  to  134,  three  having  died  during  the 
interval,  and  four  Fellows  having  compounded ;  three  of  whose  com- 
positions, together  with  one  received  in  1852,  but  too  late  to  be  funded 
that  year,  have  been  invested  in  the  funds.  The  total  amount  received 
from  these  134  compositions  is  £A22\.  The  amount  of  stock  now 
hdd  by  the  Society  is  £AOU  15#.  %d.,  instead  of  ^888  10#.  6</., 
the  amount  held  at  the  close  of  1852 ;  and  its  estimated  value  (taking 
Consols  at  90)  is  ^3613. 

One  composition  remains  unfunded,  and  the  Council  have  to  an- 
TOL.  X.  a 
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U  ANNIVERSARY  MEETING. 

nounce  tba^'  acting  on  the  suggestion  of  some  of  its  Members^  who 
consider  that  the  object  recommended  by  the  Auditors  in  1833,  viz. 
that  ^fidl  compositions  should  be  funded  until  a  capital  sum  should 
be  &re^d  equal  to  the  amount  of  compositions  paid  by  the  existing 
compounders,  has  been  so  nearly  attained  that  a  rigid  adherence  to 
the  rule  is  no  longer  called  for,  they  have  resolved  that  the  compo- 
'  -sitions  for  the  year  1853  should  not  be  funded.     They  trust  that  by 
investing  these  sums  in  the  purchase  of  books  and  maps  for  the 
''library,  in  extending  their  publications,  and  in  providing  additional 
-'  assistance  in  the  Museum,  the  efficiency  of  the  Society  will  be  main- 
tained, and  its  collections  be  rendered  still  more  available  to  those 
engaged  in  the  pursuit  of  geological  investigation. 

Acting  on  this  principle,  they  have  ordered  that  the  sum  of  ^50, 
out  of  the  balance  in  favour  of  the  Society  during  the  past  year,  be 
applied  to  the  purchase  of  books  for  the  Library,  and  a  fiirther  sum 
of  ^0  for  the  purpose  of  procuring  assistance  m  the  Museum. 

The  Council  have  to  announce  me  completion  of  the  9th  volume 
of  the  Journal  and  the  publication  of  Part  1.  of  Vol.  X.  They  have 
also  to  announce,  that,  in  consideration  of  the  great  importance 
attached  to  the  Memoir  of  Mr.  A.  Geddes  Bain,  noticed  in  their 
last  Annual  Report,  and  the  necessity  of  having  the  fossils  euCTaved 
on  a  large  scale, — ^in  connection  with  the  fact  of  Mr.  Bain's  u>nner 
paper,  with  Professor  Owen's  description  of  the  fossils,  having  been 
so  printed, — ^they  have  resolved  that  Mr.  Bain's  last  paper  should 
also  be  printed  in  the  4to  form,  accompanied  by  a  description  of  the 
fossils,  prepared  by  the  Committee  appointed  to  report  on  the  fossil 
shells.  This  will  form  Part  IV.  of  the  7th  Volume  of  the  Trans- 
actions. 

Since  the  publication  of  the  Catalogue  of  books  in  the  Society's 
Library,  the  increase  has  been  so  considerable  both  from  purchases 
and  donations,  that  the  Council  resolved  at  the  close  of  last  Session 
that  a  classed  Supplement  to  the  Library  Catalogue  should  be  forth- 
with prepared.  Mr.  Jones  has  since  been  as  actively  engaged  in  its 
preparation  as  his  other  duties  will  permit,  and  they  trust  that  the 
Catalogue  will  be  ready  for  the  use  of  Fellows  in  a  very  short  time. 
It  will  also  contain  a  Ust  of  the  principal  MS.  Maps  and  Sections 
which  have  come  into  the  Society's  possession  in  explanation  of 
original  papers  and  memoirs  read  at  the  evening  meetings^ 

In  conclusion,  the  Council  have  to  inform  the  Society  that  they 
have  awarded  the  Wollaston  Palladium  Medal  for  this  year  to  Richard 
Griffith,  Esq.,  LL.D.,  F.R.S.E.,  M.R.I.A.,  and  F.G.S.,  Inspector- 
General  of  Her  Majesty's  Royal  Mines  in  Ireland,  and  Chairman  of 
the  Board  of  Commissioners  of  Public  Works  in  Ireland,  for  the 
valuable  services  rendered  by  him  to  Geological  Science,  and  parti- 
cularly for  his  Geological  Map  of  Ireland,  the  result  of  his  own 
laborious  and  judicious  researches ;  the  Council  have  further  resolved, 
that  the  balance  of  the  proceeds  of  the  Wollaston  Donation  Fund  be 
awarded  to  Mr.  S.  P.  Woodward  for  his  recent  palseontographical 
labours,  and  to  assist  him  in  the  publication  of  his  researches  on  the 
Structure  and  Affinities  of  Brachiopoda  and  Rudista. 
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Report  of  the  lAbrary  and  Museum  Committee. 

Library. 

The  Museum  and  Library  Committee  report  that  the  books  that 
haTe  been  presented  and  purchased  during  the  year  have  been  cata- 
logued, placed  on  the  shelves,  and  bound  as  far  as  necessary.  Amongst 
the  presented  books  we  hare  specially  to  refer  to  Dr.  Carpenter's 
presCTt  of  eight  volumes  of  the  *'  Annals  and  Magazine  of  Natural 
History/'  from  1B41  to  1844.  The  shelves  already  provided  are  so 
nearly  full,  that  it  is  probable  that  at  no  distant  date  further  accom- 
modmon  may  be  required. 

The  Supplemental  Catalogue  of  Books,  which  Mr.  Jones  has  been 
prqmring,  is  almost  ready  to  go  to  press,  and  that  of  the  Maps  and 
Chart8>  as  well  as  the  principal  Msmuscript  Sections  and  Drawings 
m  the  Society's  portfolios,  will  soon  follow.  These  portfolios  (r^ferr^ 
to  in  the  last  Annual  Report)  now  include  most  of  the  original  draw- 
ings, sections,  and  maps  which  have  accompanied  the  memoirs  read 
to  the  Society.  Additional  room  being  required  for  portfolios  to 
contain  the  MS.  Sections  and  Drawings,  we  recommend  that  a  new  case 
be  provided  in  one  of  the  window-recesses  in  the  Lower  Museum. 

All  those  map  and  sections  ordered  by  the  Map  Committee  to  be 
mounted,  have  been  mounted  and  put  in  cases,  so  as  to  be  easily  ac- 
cessible. 

The  Committee  recommend  to  the  Council  that  application  should 
be  made  to  the  Board  of  Ordnance  for  copies  of  the  new  editions  of 
such  Maps  of  the  Ordnance  Survey  as  nave  been  altered  and  re- 
published, and  also  for  a  copy  of  the  Survey  of  London. 

Museum, 

Additional  glass-cases  have  been  made  for  some  Fishes  from  the 
Old  Red  San£tone  and  for  some  Oolite  Ammonites,  in  the  Lower 
Museum.  The  Committee  feel  it  their  duty  to  suggest  that  the  Col- 
lection would  be  rendered  much  more  useful  to  the  Members  and 
Students  consulting  the  Cabinets,  if  a  person  were  eneaged  to  work 
under  Mr.  Jones's  direction  in  cleaning,  arranging,  labelling,  and 
cataloguing  the  Fossils  in  the  Museum.  It  woidd  also  nreatly 
enhance  the  utOity  of  the  Collections,  if  the  British  species  of  Fossils 
contained  in  the  Lower  Museum  were  marked  off  in  an  interleaved 
copy  of  the  forthcoming  edition  of  Mr.  Morris's  "Catal<^e  of 
British  Fossils;"  which  might  possibly  be  effected,  could  several 
Fellows  be  induced  to  render  temporary  assistance  in  the  departments 
fji  PalsBontology  with  which  they  are  most  familiar. 

Among  the  aonations,  the  following  are  especially  worthy  of  notice. 
Fossil  Plants  from  the  Great  Oolite  of  the  Cotswold  HiUs,  Fossil 
Insects  from  the  Lower  Lias  of  Lyme,  and  Fossil  Insects  and  Plants 
from  the  Wealden  of  Hastings,  presented  by  Mr.  W.  R.  Binfield. 
Also  a  Suite  of  Shells  from  the  London  Clay  of  Highgate,  from 
Mr..  N.  T.  Wetherell,  F.G.S. 

To  the  Foreign  Collection  have  been  added  a  series  of  fossils  from 
Persia,  presented  by  Mr.  Kennett  Loftus,  F.G.S. ;  a  series  of  fresh- 
water fossils  from  Nagpoor,  by  the  Rev.  Messrs.  Hislop  and  Hunter ; 
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fossil  shells  from  Panama,  by  Mr.  Samiders,  F.6.S. ;  and  a  valuable 
series  of  Tertiary,  Cretaceous,  and  Jurassic  fossils  from  Switzerland, 
presented  by  Mr.  Greenough,  F.G.S. 

Signed,  Daniel  Sharpe. 

Andrew  C.  Ramsay. 
Pcbniary  1, 1854.  John  M.  Clabon. 

Comparative  Statement  of  the  Number  of  the  Society  at  the  close  of 
the  years  1852  and  1853. 

Dec.  31,  1852.  Dec.  31,  1853. 

Compounders 133     134 

Residente   213     204 

Non-residents    450     463 


796 

801 

HonoraiT  Membere 

Foreign  Members    

16            

50            

16 
50 

Personages  of  Royal  Blood 

4—70    

4—70 

866  871 

General  Statement  explanatory  of  the  Alteration  in  the  Number  of 
Fellows,  Honorary  Members,  q'c.  at  the  close  of  the  years  1852 
and  1853. 

Number  of  Compounders,  Residents,  and  Non-residents, 

December  31,  1852 796 

Add,  Fellows  elected  during  former  1  Resident. ...         4 
years,  and  paid  in  1853    • . . .  j  Non-resident         1 

—  5 
Fellows  elected,  and  paid,  during  1  Resident....       11 

1853 /Non-resident        15 

—26 

—  31 

827 

Deduct,  Compounders  deceased 3 

Residents  „        3 

Non-residents      „        7 

Resigned. 8 

Removed    5 

—  26 

Total  number  of  Fellows,  3l8t  Dec.  1853,  as  above. .  801 


Number  of  Honorary  Members,  Foreign  Members,  and! 

Persona^  of  Royal  Blood,  December  31,  1852 j 

Aeld,  Foreign  Members  elected  during  1853    2 


70 


72 
Deduct,  Foreign  Members  deceased 2 

As  above    70 
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Number  of  Fellows  liable  to  Annual  Contribution  at  the  close  of 
1853,  with  the  Alterations  during  the  year. 

Number  at  the  dose  of  1852 213 

Add,  Elected  in  former  years,  and  paid  in  1853 4 

Elected  and  paid  in  1853 II 

Non-residents  who  became  Residents 3 

231 

Deduct,  Deceased 3 

Resigned 8 

Compounded    4 

Became  Non-resident 7 

Removed 5 

'  —      2/ 

As  abore    204 

Deceased  Fellows. 

Con^^nders  (3). 

Major-Gen.  Colby.  |      The  Earl  of  Shrewsbury. 

Charles  Stokes,  Esq. 

Residents  (3). 

J.  H.  Barchard,  Esq.  |      G.  O'Gorman,  Esq. 

H.  W.  Taylor,  Esq. 


William  Baker,  Esq. 
James  Foster,  Esq. 
Montagae  Gore,  Esq. 


Non-Residents  (7). 

Edward  Home,  Esq. 
A.  Robertson,  Esq. 
H.  E.  Strickland,  Esq. 
Samuel  Woods,  Esq. 


Foreign  Members  (2). 
Baron  L.  von  Buch.  |      Professor  L.  Herminier. 


The  following  Persons  were  elected  Fellows  during  the  year  1853. 

January  5th. — ^Edward  Joseph  Lowe,  Esq.,  Nottingham ;  and  Tho- 
mas AUinson  Readwin,  Esq.,  Beaumont  Street,  Marylebone. 

19th. — John  Brogden,  Jun.,  Esq.,  Gloucester  Terrace. 

February  23rd.— James  Bright,  M.D.,  Cambridge  Square;  David 
Forb4,  Esq.,  Espedal,  Norway ;  and  Joachim  Ott^  Esq.,  Here- 
ford. 

March  23.— Herbert  F.  Mackworth,  Esq.,  Clifton ;  Lovell  Reeve, 
i^.,  Henrietta  Street ;  Thomas  H.  Henry,  Esq.,  Lincoln's  Inn 
Fields ;  William  Fairbaim,  Esq.,  Ardwick,  Manchester ;  Colonel 
T.  S.  Heneken,  Ponton,  San  Domingo;  H.  H.  Howell,  Esq., 
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Geological  Sarvey  of  Great  Britain,  and  John  K.  BlackweD,  Esq., 
Westboume  Place. 

April  6th. — J.  Mainwaring  Paine,  Esq.,  Famham. 

20th.— Robert  Death,  Esq.,  Camden  Town ;  and  Arthur  Phil- 
lips, Esq.,  Stamford  Street. 

May  4th.— PhiUp  Wm.  Wall,  Esq.,  Great  George  Street. 

18th. — Lord  Moreton,  M.P.,  Ennismore  Place. 

June  15th. — Robert  P.  Greg,  Jun.,  Esq.,  Norcliffe  Hall,  near  Man- 
chester; Edward  W.  Wlonfield,  Esq.,  Hemel  Hempstead;  and 
Professor  Robert  Harkness,  Queen's  College,  €ork. 

November  2nd. — Greorge  Shaw,  Esq.,  Birmingham. 

16th. — E.  W.  Binney,  Esq.,  Manchester. 

30th.— John  Lister,  M.D.,  Sandown,  Isle  of  Wight ;  Rev. 

W.  L.  Symonds,  M.A.,  Pendock  Rectory,  Tewkesbury;  David 
Page,  Esq.,  St.  Andrews ;  and  Augustin  Robinson,  Esq.,  Eaton 
Square. 

December  14th. — ^Rev.  Professor  Samuel  Haughton,  M.A.,  Trinity 
College,  Dublin ;  Professor  Isaac  Newton  Loomis,  M.D.,  Georgia, 
U.S. ;  Rev.  Francis  F.  Statham,  M.A.,  Walworth ;  and  Samud 
Highley,  Jun.,  Esq.,  Fleet  Street. 

Thefollowiny  Persona  were  elected  Foreign  Members. 

June  1st. — Count  Alexander  Von  Keyserling,  Imperial  Russian 
Mining  Corps ;  and  Laurent-Guillaume  de  Koninck,  M.D.,  Pro- 
fessor of  Chemistry  and  Palaeontology  in  the  University  of  Li^. 


The  following  donations  to  the  Museum  have  been  received  since 
the  last  Anniversary. 

British  Specimens. 

Three  specimens  of  Hydnophora  cyclostoma,  from  the  Carboniferous 

Limestone ;  presented  by  G.  Tate,  Esq.,  F.G.S. 
Boulders  from  Scotland,  &c. ;  presented  by  R.  Chambers,  Esq.,  F.G.S. 
Suite  of  Fossils  from  the  London  Clay ;  presented  by  N.  T.  Wetherell, 

Esq.,  F.G.S. 
Fossil  Plants  from  the  Cotswolds ;  Fossil  Insects  from  L^e  Rens ; 

Fossils  from  Cheltenham,  &c. ;  presented  byW.  R.  Bmfield,  Esq. 
Stigmaria,  from  Wednesbury ;  presented  by  J.  Bobbins,  Esq.,  F.G.S. 
Suite  of  Fossils  from  Farringdon;  presented  by  D.  Shaipe,  Elsq., 

Treas.  G.S. 
Suite  of  Fossil  Insects,  Plants,  and  Shells,  fit>m  the  Wealden  of 

Hastings ;  presented  by  Messrs.  W.  R.  and  H.  Binfield. 
Specimen  of  Lias  rock  with  Nummulites,  from  Fretheme  Clif^ 

Gloucestershire ;  presented  by  the  Rev.  P.  B.  Brodie,  F.G.S. 

Foreign  Specimens. 

Two  Cases  of  Rock  Specimens  from  Ascension ;  presented  by  Lieut. 

Townsend,  R.N. 
Fossils  from  Gothland ;  presented  by  R.  Chambers,  Esq.,  F.G.S. 
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Series  of  FossDfl  from  St.  Dombgo ;  presented  by  Colonel  Heneken, 

F.G.S. 
Series  of  Fossils  from  Central  India ;  presented  by  the  Rev.  S.  His- 

lop  and  the  Rev.  R.  Hunter. 
Suite  of  Fossils  from  Biaritz  and  Series  of  Nummulites  from  Bayonne ; 

presented  bj  S.  P.  Pratt,  Esq.,  F.G.S. 
Fossil  Foot-tracks  from  Nova  Scotia?;  presented  by  Sir  Charles 

Lyell,  F.G.S. 
Fosals,  &c.  from  Egypt ;  presented  by  James  Halford,  Esq. 
Fossils  from  Panama ;  presented  by  G.  H.  Saonders,  Esq.,  F.G.S. 
Series  of  Fossils  from  Persia;  presented  by  W.  K.  Lofhis,  Esq., 

F.G.S. 
Fossils  from  California ;  presented  by  F.  Catherwood,  Esq. 
Copper  and  Lead  Ores  frt)m  Greenland ;  presented  by  A.  Robinson, 

Esq.,  F.G.S. 
Series  of  Tertiary,  Cretaceous,  and  Jurassic  Fossils  from  the  Alps  of 

S^tzerland ;  presented  by  G.  B.  Greenough,  Esq.,  F.G.S. 
Series  of  Rock  Specimens  and  Minerals  from  New  South  Wales; 

presented  by  Lieut.-Col.  Sir  Thomas  Mitchell,  LL.D.,  F.G.S. 


Charts  and  Maps. 

The  Charts,  &c.,  published  by  the  Admiralty  during  the  past  year ; 
presented  by  Rear-Admiral  Sir  Francis  Beaufort,  Hon.  M.G.S., 
by  direction  of  the  Lords  Commissioners  of  the  Admiralty. 

Geological  Survey  of  Great  Britain.  Maps,  Nos.  59  N.E.,  62  N.W., 
8.W.,  72  N.E.,  S.E.  and  S.W.,  11  N.E.,  78,  81  N.E.  and  S.E., 
82  N.W.  and  S.W.  Horizontal  Sections,  19,  23,  24  and  25. 
Vertical  Sections,  16,  17,  18,  26,  27,  28,  29,  30,  35  and  36. 
Lidices  to  the  Counties  of  Kildare,  Carlow,  Wexford^  and  Dublin; 
presented  by  Sir  H.  T.  De  la  Beche,  F.G.S.,  on  the  part  of  Her 
Majesty's  Government. 

1 7  Cnarts  published  by  the  D^p6t  de  la  Marine ;  presented  by  the 
Director-General  of  the  D^p6t  de  la  Marine. 

Carte  G^ogique  de  la  Suisse,  par  MM.  B.  Studer  et  A.  Escher, 
Dressde  sur  la  Carte  G^graphique  de  la  Suisse  de  M.  J.  M.  Ziegler ; 
presented  by  Daniel  Sh^pe,  Esq.,  Treas.  G.S. 

Map  of  the  Route  between  Pekin  and  Canton ;  presented  by  Sir  G. 
Staunton,  Bart.,  F.G.S. 

Geognostische  Karte  von  den  Erz-Lagerstatten  des  Muschelkalksteins 
bm  Tamowitz  und  Benthen  in  Oberschlesien. 

Geognostische  Karte  von  Oberschlesien,  entworfen  von  K.  v.  Camall 
(2  sheets). 

Karte  der  Bei^erks-Reviere  an  der  Sieg.  Sheets  1  to  8 ;  presented 
by  Messrs.  Simon  Schropp  and  Co. 

Geolc^lical  Map  of  the  Northern  Front  of  the  Yindhya  Hills,  extend- 
ing from  Allahabad  to  Rajmahal,  by  Capt.  W.  S.  Sherwill ;  pre- 
sented by  the  Honourable  East  India  Company. 

Geological  Map  of  Ireland,  by  Richard  Griffith,  Esq.,  LL.D.,  F.G.S. ; 
presented  by  the  author. 
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Geolc^cal  Map  of  Ireland,  reduced,  by  Bichard  Griffith,  Esa.,  LL.D., 
F.6.S.,  Litnographed  in  Colours ;  presented  by  the  autnor. 


Marble  Bust  of  Sir  Roderick  Impey  Murchison,  V.P.G.S.,  by  Richard 
Westmacott,  Esq.,  R.A.,  F.G.S. ;  presented  by  Lady  Murchison. 


The  following  List  contains  the  Names  of  the  Persons  and  Public 
Bodies  from  whom  Donations  to  the  Library  and  Museum  were 
received  during  the  past  year. 


Acad&nie  Royale  des  Sciences  de 

Belgique. 
Acadraiie  des  Sciences  de  Dijon. 
Acad^ie  des  Sciences  de  Mont- 

peUier. 
Aoidemy  of  Sciences  of  Berlin. 
Academy  of  Sciences  of  Breslau. 
Academy  of  Sciences  of  Paris. 
Admiralty,  The  Right  Hon.  the 

Lords  Commissioners  of  the. 
American  Academy  of  Arts  and 

Sciences. 
American  Philosophical  Society. 
Art  Union  of  London. 
Asiatic  Society  of  Bengal. 
Athenttum  Journal,  Eiitor  of. 

Ball,  R.,  Esq.,  LL.D. 
Barrande,  M.  J. 
Basel  Natmral  History  Society. 
Berwickshire  Naturalists'  Club. 
Bigsby,  John  J.,  M.D.,  F.G.S. 
Binfield,  W.  R.,  Esq. 
Blackwell,  J.  K.,  Esq.,  F.G.S. 
Bland,  T.,  Esq.,  F.G.S. 
Bombay  Branch  of  the  Royal 

Asiatic  Society. 
Bombay  Geographical  Society. 
British  Association  for  the  Ad- 

yancement  of  Science. 
British  Grovemment. 
Brodie,  Rev.  P.  B:,  F.G.S. 

Calcutta  Library. 

Calvert,  J.,  Esq. 

Canadian  Journal,  Editor  of  the. 

Carpenter,  Wm.,  M.D.,  F.G.S. 

Catnerwood,  F.,  Esq. 

Chambers,  Robert,  Esq.,  F.G.S. 


Chemical  Society  of  London. 

Cheshire,  E.,  Esq. 

Civil  Engineers'  Journal,  Editor 

of  the. 
Colonial  Office. 

Dana,  J.  D.,  Esq.,  For.  M.G.S. 

Daubeny,  Prof.,  M.D.,  F.G.S. 

Daubr4  M.  A. 

Davidson,  Thomas,  Esq.,  F.G.S. 

De  la  Beche,  Sir  H.  T.,  F.G.S. 

Delesse,  M.  Achille. 

D^pdt  G^n^rale  de  la  Marine  de 


ice. 

Deslongchamps,  M.  E. 
Desor,  M.  E. 
Dewael,  M.  N.-Ch. 
D'Halloy,  M.  J.  J.  D'Omalius, 

For.  M.G.S. 
D'Orbigny,  M.  C. 
Dowler,  B.,  M.D. 

East  India  Company,  The  Hon. 
£cole  des  Mines  de  Paris. 
Enniskillen,  Earl  of,  F.G.S. 
Escher,  M.  A. 

Forbes,  Prof.  E.,  Pres.  G.S. 
Force,  P.,  Esq. 
Forrester,  J.  J.,  Esq. 
Frauds,  W.,  M.D. 

Geological  Institute  of  Vienna. 
Greological  Society  of  Berlin. 
Geological  Society  of  Dublin. 
Geological  Society  of  France. 
Geological  Sode^  of  the  West 

Ridmg,  Yorksmre. 
Greenough,  G.B.,  Esq.,  V.P.G.S. 
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IX 


Griffitli,  R.,  Esq.,  LL.D.,  F.G.S. 

Halford,  James,  Esq. 

flail,  James,  Esq.,  For.  M.6.S. 

Halle  Society  of  Natund  Sciences. 

Hare,  Dr. 

fleer.  Prof.  O. 

flcneken.  Col.,  F.G.S. 

Hislop,  Rev.  S. 

Hobbms,  J.,  Esq. 

H(^  J.,  Esq. 

Horsfield,  Thomas,  M.D.,  F.G.S. 

Horticultural  Society. 

Hunter,  Rev.  R. 

Imperial  Academy  of  Sciences  of 
Vienna. 

Indian  Archipelago  Journal,  Edi- 
tor of  the. 

Institute  of  Actuaries. 

Kopp,  Herr  H. 

Leeds  Philosophical  Society. 
Liebig,  Prof.  J. 
Linnean  Society. 
Literary  Grazette,  Editor  of. 
Loftus,  W.  K.,  Esq.,  F.G.S. 
London  Institution. 
Lowe,  E.  J.,  Esq.,  F.G.S. 
Lyell,  Sir  Charles,  F.G.S. 
Lynch,  W.  F.,  Esq. 

Madear,  Thomas,  Esq. 

Maury,  Lieut.  M.  F. 

Medical  Circular,  Editor  of  the. 

Meneghmi,  Prof.  G. 

Meyer,  Herr  H.  tou.  For.  M.G.S. 

Mitchell,  Lieut.-Col.  Sir  T.  L., 

LL.D.,  F.G.S.. 
Moore,  J.  C,  Esq.,  V.P.G.S. 
Morant,  A.  W.,  Esq.,  F.G.S. 
Morton,  Dr.  W.  T.  G. 
Murchison,  Sir  R.  I.,  F.G.S. 
Murchison,  Lady. 
Museum  d'Histoire  Naturelle  de 

Paris. 
Museum  of  Practical  Geology. 

Nicol,  Prof.  J.,  F.G.S. 


Norton,  C.  B.,  Esq. 
Nyst,  M.  A. 

Owen,  D.  Dale,  Esq. 
Owen,  Prof.  R.,  F.G.S. 

Palseontographical  Society. 

Pfeil,  Herr  L.  G.  von. 

Photognq)hic  Society. 

Pictet,  Prof.  F.  J, 

Pole,  William,  Esq.,  F.G.S. 

Ponzi,  M.  G. 

Portlock,  Lieut.-Col.  J.  E.,  R.E., 

F.G.S. 
Pratt,  S.  P.,  Esq.,  F.G.S. 
Pug^uird,  Herr  C. 

Quetelet,  M.  A. 

Rin^ld,  Commander. 

Robmson,  A.,  Esq.,  F.G.S. 

Royal  Aouiemy  of  Belgium. 

Royal  Academy  of  Munich. 

Royal  Academy  of  Stockholm. 

Royal  Academy  of  Turin. 

Royal  Agricultural  Society  of 
England. 

Royal  Astronomical  Society. 

Royal  Cornwall  Polytechnic  So- 
ciety. 

Royal  Geological  Society  of 
Cornwall. 

Royal  Institution. 

Royal  Irish  Academy. 

Royal  Society  of  Edmburgh. 

Royal  Society  of  Li^e. 

Royal  Society  of  London. 

Sabine,  Colonel,  F.G.S. 
Salter,  J.  W.,  Esq.,  F.G.S. 
Sandbei^r,  Dr.  G. 
SauU,  W.  D.,  Esq^  F.G.S. 
Saunders,  G.  H.,  Esq.,  F.G.S. 
Schropp  and  Co.,  Messrs. 
Sedgwick,  R«v.  Prof.,  F.G.S. 
Sharpe,  D.,  Esq.,  Treas.  G.S. 
Silliman,  Prof.,  M.D.,  For.  M.G.S. 
Smithsonian  Institution. 
Societd  Hollandaise  des  Sciences 
k  Haarlem. 
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Sod^t^  Imp^riale  des  Naturalistes 

de  Moscou. 
Sod^t^  M^t^rologique  de  France. 
SocMt^  des  Sciences  Naturelles  de 

NeucMtel. 
Society  of  Arts. 
Sorby,  H.  C,  Eso^F.G.S. 
Staunton,  Sir  G.  Thomas,  Bart., 

D.C.L.,  M.P.,  F.G.S. 
Stewart,  Lieut.-Gen.  G.  N. 
St.  Petersburg,  Imperial  Academy 

of. 
Studer,  Prof.  B.,  For.  M.G.S. 
Sutherland,  P.  C,  M.D. 
Sydney  University. 

Tate,  G.,  Esq.,  F.G.S. 
Taylor,  R.,  Esq.,  F.G.S. 


Tennant,  Prof.  J.,  F.G.S. 
Townsend,  Lieut.,  R.N. 
Tylor,  A.,  Esq.,  F.G.S. 

Vaudoise    Sod^t^    des    Sciences 

Naturelles. 
Venetian  Sodety. 
Vemeuil,  M.  M.  de.  For.  M.G.S. 

Westwood,  J.  O.,  Esq. 
Wetherell,  N.  T.,  Esq.,  F.G.S. 
Wiesbaden  Natural  History  So- 
dety. 
Wrottesley,  Lord. 

Ziegler,  M.  J.  M. 
Zomogical  Sodety. 


List  of  Papers  read  since  the  last  Anniversary  Meeting, 
February  18th,  1853. 
1853. 

Feb.  23rd. — On  the  Microscopical  Structure  of  the  Skin  of  the  Ich- 
thyosaurus, by  Henry  Coles,  Esq.,  F.G.S. 

On  the  Geology  of  the  neighbourhood  of  Quebec, 

by  John  J.  Bigsby,  M.D.,  F.G.S. 

March  9th. — On  the  Albert  Coal  Mine,  Hilsborough,  New  Brunswick, 
by  J.  W.  Dawson,  Esq. ;  communicated  by  Sir  Charles  Lyell, 
V.P.G.S. 

On  the  Carcharodon  and  other  Fish  Remains  of  the 

Red  Crae,  by  Series  Valentine  Wood,  Esq.,  F.G.S. 

March  23rd.— On  the  Geology  of  St.  Domineo,  by  Colonel  T.  S. 
Heneken,  F.G.S.,  with  Notices  of  the  ConQs,  by  William  Lons- 
dale, Esq.,  F.G.S.,  and  of  the  Molluscs,  by  John  Carrick  Moore, 
Esq.,  F.G.S. 

On  the  Upper  Palaeozoic  Series  of  Strata  of  the  Bou- 

lonnais,  by  R.  A.  C.  Austen,  Esq.,  Sec.  G.S. 

April  6th. — On  the  Carboniferous  and  Silurian  Rocks  of  Bnsaco, 
Portugal,  bySenhorC.Ribiero  and  Daniel  Sharpe,Esq^Treas.  G.S 
with  notices  of  the  Fossil  Molluscs,  by  D.  Sharpe,  Esq.,  F.G.S. 
of  the  Fossil  Plante,  by  C.  J.  F.  Bunbugr,  Esq.,  For.  Sec.  G.S. , 
of  the  Trilobites,  by  J.  W.  Salter,  Eso.,  F.G.S. ;  and  of  the  Ento- 
mostraca,  by  T.  Rupert  Jones,  Esq.,  F.G.S. 

On  the  Granitic  District  of  Inverary,  Argyleshire, 

by  His  Grace  the  Duke  of  Argyll,  F.G.S. 

Apnl  20th. — On  the  Physical  Structure  and  Succession  of  the  Lower 
Palaeozoic  Rocks  of  North  Wales  and  Part  of  Shropshire,  by 
Prof.  Andrew  C.  Ramsay,  F.G.S. 

On  the  Silurian  Rocks  of  Kirkcudbright  Bay,  by  Prof. 

Robert  Harkness,  F.G.S. 


Digitized  by 


Google 


ANNUAL  REPORT.  XI 

1853. 

April  20th. — On  the  Occurrence  of  Caradoc  Sandstone  at  Great 
Burr,  in  South  Staffordshire,  bj  J.  B.  Jokes,  Esq.,  F.G.S. 

Mar  4th. — On  a  Freshwater  Deposit  in  the  Drift,  in  Huntingdon- 
shire^ by  the  Rev.  H.  M.  De  la  Condamine,  F.G.S. 

.  On  the  Fluvio-Marine  Tertiaries  of  the  Isle  of  Wight, 

by  Prof.  E.  Forbes,  Pres.  G.S. 

M^  18th.— Palichthyologic  Notes,  Nos.  IV.  and  V.,  by  Sir  P.  G. 
^rton,  Bart.,  M.P.,  F.G.S. 

.  0^  the  Structure  of  the  Strata  between  the  London 

Clay  and  the  Chalk ;  Part  II.,  the  Woolwich  and  Reading  Series, 
hj  Joseph  Prestwich,  Jun.  Esq.,  F.G.S.;  with  Notices  of  the 
Fossil  Molluscs,  by  Prof.  Morris,  F.G.S. ;  and  of  the  Fossil  En- 
tomostraca,  by  T.  Rupert  Jones,  Es^.,  F.G.S. 

June  ist. — On  the  Soutnem  Termination  of  the  Erratic  Tertiaries ; 
and  on  the  remains  of  a  Bed  of  Grayel  on  Cleredon  Down,  by 
Joshua  Trimmer,  Esq.,  F.G.S. 

On  the  Origin  of  the  Soils  on  the  Chalk  of  Kent, 

Part  in.,  by  Joshua  Trimmer,  Esq.,  F.G.S. 

On  the  Geological  and  Glacial  Phenomena  of  the 


Coasts  of  Baffin's  Bay  and  Davis*  Straits,  by  P.  C.  Sutherland, 
M.D. ;  communicated  by  Prof.  A.  C.  Ramsay,  F.G.S. 

June  i5th. — On  some  Sections  throueh  the  Oolite  district  of  Lin- 
colnshire, by  Prof.  John  Morris,  F.G.S. ;  with  descriptions  of 
some  new  species  of  Molluscs  from  the  Lincolnshire.  Oolites,  by 
J.  Lycett,  Esq. 

On  the  Insect  Beds  In  the  Purbeck  Formation  of 

Dorset  and  Wilts,  by  the  Rev.  P.  B.  Brodie,  F.G.S. 

•  On  the  Occurrence  of  the  remains  of  a  Nemropterous 


Insect  m  the  Stonesfield  Slate  of  Gloucestershire,  by  the  Rev.  P.  B. 
Brodie,  F.G.S. 

Description  of  some  Fossil  Insects  from  the  Purbeck 


Formation  of  Dorset  and  Wilts,  by  J.  O.  Westwood,  Esq. ;  com- 
municated by  the  Rev.  P.  B.  Brome,  F.G.S. 

Description  of  the  Remains  of  Neuropterous  and 


Coleopterous  Insects  from  the  Stonesfield  Slate  of  Gloucestershire, 
by  J.  O.  Westwood,  Esq.;  communicated  by  the  Rev.  P.  B. 
Brodie,  F.G.S. 

On  the  Microscopic  Structure  of  some  Freshwater 


Marls  and  Limestones,  by  H.  C.  Sorby,  Esq.,  F.G.S. 

-  On  the  Sooliman  Range,  by  Dr.  A.  Fleming ;  com- 


municated by  Sir  R.  I.  Murchison,  F.G.I 

On  the  Geology  of  a  Part  of  Sinde,  by  H.  B.  Frere, 

Esq. ;  communicated  by  Lieut.-Col.  Sykes,  F.G.S. 

Notice  of  an  Ichthyolite  from  Kotah,  Deccan,  by 


Dr.  T.  L.  Bell ;  communicated  by  Lieut.-Col.  Sykes,  F.G.S. 

•  On  the  Erratic  Tertiaries  bordermg  the  Pennine 


Chain,  Part  II.,  by  Joshua  Trimmer,  Esq.,  F.G.S. 

On  some  Fossil  Brachiopods  of  Devonian  Age,  from 


China,  by  Thomas  Davidson,  Esq.,  F.G.S. 

On  the  Caradoc  Sandstone  of  Shropshire,  by  J.  W. 


Salter,  Esq.,  F.G.S.,  and  W.  T.  Aveline,  Esq.,  F.G.S. 
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November  2nd. — On  the  Coal  Measures  of  the  South  Jomns,  Noya 
Scotia,  by  J.  W.  Dawson,  Esq. ;  communicated  bv  ^  Charles 
Lyell,  V.P.G.S. 

.  On  the  Coal  Measures  at  the  Albion  Mines,  Pictou, 

Nova  Scotia,  by  H.  Poole,  Esq.,  and  J.  W.  Dawson,  Esq. ;  com- 
municated by  Sir  Charles  Lyell,  V.P.G.S. 

November  16th. — ^The  Superficial  Deposits  of  the  Isle  of 'VHght,  by 
Joshua  Trimmer,  Esq.,  F.G.S. 

On  the  Gheology  of  some  Parts  of  Central  India,  below 

lat.  22°  N.,  by  Lieut.  R.  H.  Sankey,  H.E.I.C.S. ;  communicated 
by  Prof.  Ansted,  F.G.S. 

November  30th. — On  the  Occurrence  of  Insects  in  the  Wealden 
Strata  of  the  Sussex  Coast,  by  W.  R.  Binfield,  Esq.,  and  H.  Bin- 
field,  Esq. ;  communicated  by  Prof.  J.  Morris,  F.G.S. 

On  the  Age  of  the  Fossiliferous  Gravels  at  Farringdon, 

by  Daniel  Sharpe,  Esq.,  Trtas.  G.S. 

December  14th. — On  a  Specimen  of  Folkmannia  MorrUii^  from  the 
Glasgow  Coal  Shale,  by  J.  D.  Hooker,  M.D.,  F.G.S. 

On  the  Structure  of  Chanete*  camaid^Sy  by  Thomas 

Davidson,  Esq.,  F.G.S. 

)n  a  Batrachian  Fossil  from  the  Pictou  Coal  Field, 


Nova  Scotia,  by  Prof.  Owen,  F.G.S. 

■  Qa  Track-Prints  in  the  Lower  Lingula  Flags  of  NorUi 


Wales,  by  J.  W.  Salter,  Esq.,  F.G.S. 

1854. 
January  4th. — On  the  superior  limits  of  the  Pleistocene  Deposits  in 

the  Isle  of  Man,  by  the  Rev.  J.  G.  Gumming,  F.G.S. 
On  the  Geology  of  Rainy  Lake,  by  J.J.  Bigsby,  M.D., 

F.G.S. 

-  On  some  Swallow-holes  in  the  Chalk  near  Canterbury, 


by  Joseph  Prestwich,  Jun.,  Esq.,  F.G.S. 

Januanr  18th. — On  the  Structure  and  Origin  of  Sand-Pipes  in  the 
Chalk,  by  Joseph  Prestwich,  Jun.,  Esq.,  F.G.S. 

On  Pipes  and  Furrows  in  Calcareous  and  Non-Cal- 
careous Strata,  by  Joshua  Trimmer,  Esq.,  F.G.S. 

February  1st. — On  the  Geology  of  the  Gold-bearing  district  of  Me- 
rionethshire, North  Wales,  by  Prof.  A.  C.  Ramsav,  F.G.S. 

On  Auriferous  Quartz-rock  in  North  Cornwall,  by 

S.  R.  Pattison,  Esq.,  F.G.S. 

On  Uie  Physical  Geology  of  the  Himalayas,  by  Capt. 


R.  Strachey,  F.G.S. 


After  the  Reports  had  been  read,  it  was  resolved, — 

That  they  be  received  and  entered  on  the  Minutes  of  the  Meeting; 
and  that  such  parts  of  them  as  the  Council  shall  think  fit  be  printed 
and  distributed  among  the  Fellows. 

It  was  afterwards  resolved, — 

1.  That  the  thanks  of  the  Society  be  given  to  Sir  Charles  Lyell 
and  Prof.  Owen,  retiring  from  the  office  of  Vice-President. 


Digitized  by 


Google 


ANNUAL  REPORT. 


xiii 


2.  That  the  thanks  of  the  Society  be  given  to  C.  J.  F.  Banbury, 
Esq.,  retiring  from  the  office  of  Foreign  Secretary. 
•  3.  That  the  thanks  of  the  Society  be  given  to  C.  J.  F.  Bunbury, 
Esq.,  W.  Hopkins,  Esq.,  Sir  C.  LyeU,  Prof.  Owen,  and  S.  V.  Wood, 
Esq.,  retiring  from  the  Council. 

After  the  Balloting  Glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  the  Officers  and  Council  for  the  ensuing 
year: — 

OFFICERS. 


PRESIDENT. 

Prof.  E.  Forbes,  F.R.S.  and  L.S. 

VICE-PRESIDENTS. 
John  Carrick  Moore,  Esq.,  M.A. 
Sir  R.  I.  Murchison,  G.C.St.S.,  F.R.S.  and  L.S. 
Prof.  John  Phillips,  F.R.S. 
Lieut.-Col.  Portlock,  R.E.,  F.R.S. 

SECRETARIES. 
R.  A.  C.  Austen,  Esq,,  B.A.,  F.R.S. 
William  John  Hamilton,  Esq. 

FOREIGN  SECRETARY. 
Samuel  Peace  Pratt,  Esq.,  F.R.S.  and  L.S. 

TREASURER. 
D.  Sharpe,  Esq.,  F.R.S.  and  L.S. 


COUNCIL. 


R.  A.  C.  Austen,  Esq.,   B.A., 

F  R  S 
John  J.  Bigsby,  M.D. 
JamesS.  Bowerbank,  Esq.,  F.R.S. 

and  L.S. 
Rev.  H.  M.  De  la  Condamine, 

M.A. 
Sir  P.  G.  Egerton,  Bart.,  M.P., 

F.R.S. 
Earl    of    Enniskillen,     D.C.L., 

F.R.S. 
Prof.  E.  Forbes,  F.R.S.  and  L.S. 
G.  B.  Greenough,  Esq.,  F.R.S. 

and  L.S. 
William  John  Hamilton,  Esq. 
J.  D.  Hooker,  M.D.,  F.R.S.  and 

L.S. 


Leonard  Homer,  Esq.,  F.R.S.L. 

andE. 
P.  N.  Johnson,  Esq.,  F.R.S. 
John  C.  Moore,  Esq.,  M.A. 
Prof.  John  Morris. 
Sir  R.  I.  Murchison,  G.C.St.S., 

F.R.S.  and  L.S. 
R.  W.  Mylne,  Esq. 
John  Percy,  M.D.,  F.R.S. 
Prof.  John  Phillips,  F.R.S. 
Lieut.-Col.  Portlock,R.E.,F.R.S. 
Samuel  Peace  Pratt,  Esq.,  F.R.S. 

and  L.S. 
J.  W.  Salter,  Esq. 
D.  Sharpe,  Esq.,  F.R.S.  and  L.S. 
Capt.  Richard  Strachey. 
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Income  and  Expenditure  during  the 

INCOME. 

£     s.     d.      £     i.    i. 

Balance  at  Banker's,  January  1,  1853 268  12     7 

Balance  in  Clerk's  hands 21     9     5 

290    2    0 

Composition  at  Banker's,  Jan.  I,  1853    31  10    0 

Compositions  received  126    0    0 

Arrears  of  Admission  Fees    35  14     0 

Arrears  of  Annual  Contributions 37  16     0 

73  10    0 

Admission  Fees  of  1853    226  16    0 

Annual  Contributions  of  1853 656  15    6 

Dividends  on  3  per  cent.  Consols 115     1  10 

Publications : 

LoDgroan  &  Co.  for  Sale  of  Journal  in  1852  .    54  17  1 

Sale  of  Transactions  11    6  0 

Sale  of  Proceedings    2    8  3 

Journal,  Vol.  I.,  allowance  on  Sale  from  ^       n    k  i\ 

Publisher... f      "    ^  " 

Sale  of  Journal,  VoL  II 5    7  6 

Sale  of  Journal.  Vol.  Ill 3  18  0 

Sale  of  Journal,  Vol.  IV 4    2  6 

Sale  of  Journal,  VoL  V 5    4  6 

Sale  of  Journal,  VoL  VI 6  13  6 

Sale  of  Journal,  VoL  VII 14  13  6 

Sale  of  Journal,  VoL  VIII 58    2  0 

Sale  of  Journal,  VoL  IX.* 141  14  7 

308  12    5 

Sale  of  Library  Catalogue    117    6 


We  have  compared  the  Books  and 
Vouchers  presented  to  us  with  these 
Statements,  and  find  them  correct. 

(Signed)    JOHN  J.  BIGSBY,!    .  ^.        \ 

Jan.  25,  1854.      ALFRED  TYLOR,   /  ^•^•^^'-      £1830    5 


*  Due  from  Messrs.  Longman  and  Ck).,  in 
addition  to  the  above,  on  Journal,  VoL  IX.  £62  4  5 
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Year  etkSng  December  Slei,  \85S. 

BXPBNDITURB. 

Ccm^otitions  inyested 126    0    0 

General  Expenditure  :                                    i6   «.  rf. 

Toet 2S  19  S 

nreloranaee    ^ 3    0  0 

House  Bmin    12    1  6 

T^mitQie  BeiMdn  13  17  5 

New  Pdraitnre • 32  15  8 

Fttd 33  16  0 

li^t  23  10  3 

Mucdtoneoqi    Home   Szpentes,    indudinf  1  j^l    |  ^ 

Postages J 

Statioaery  28  10  9 

Mtsrellaiieons  Printing 25  13  6 

Tee  for  Meetings   22    8  4 

270  18  11 

Salines  and  Wages : 

Assistant  Semtarj  and  Cantor  200    0    0 

OeriL  120J  0    0 

Porter 80    0    0 

House  Maid    38  12    6 

Oecasional  Attendants  10    0    0 

CoUeetor 21    7    6 

470    0    0 

Lihfary 45  17    8 

Moseom 11  15  II 

Diagrams  at  Meetings 16    2    0 

MisceUaneous  Scientific  Expenses    4    4    4 

Contribntions  of  1853  repaid    9    9    0 

PaUications: 

Transactions  25  12  10 

Joanal,  VoL  VL   0    9    0 

Journal,  VoL  VIL 21  12    0 

Joomal,  VoL  VIII 7    6    1 

Journal,  VoL  IX.  389  18    3 

Journal,  VoL  X. 4    6    9 

Proceedings    0  10    0 

449  14  11 


♦Balance  at  Banker's,  Dec.  31,  1853  ..   412  11    2 
Balance  In  Clerk's  hands 13  16    9 


426    7  11 


•  The  Council  hsfe  reaol?ed  to  apply  a  part  of 
tids  som  in  the  pnrehase  of  hooks,  and  in  the  em- 
floynent  of  an  Assistant  in  the  Maaenm. 
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PROCEEDINOS 

ATTBB 

ANNUAL    OENBBAL    MBETINO, 
17th  fSBRUASy,  1854. 


AWAED  OF  niB  WoLUMTON  MCDAI«  ANS  DoNATIOM  FOM ft. 


Afnit  tht  B«port8  of  th0  Coanea  had  bMi  iffid»  th«  PMUenty 
Pkof.  S.  Forbes  on  dUttfering  to  R.  Griffith^  Efq.,  LLJ).,  V.Q.B., 
tibe  WoUaiUm  Fdkdium  liadidt  addiMMd  Urn  tf  IbUowt:— - 

Dr.  Griffith, — It  is  my  pniilege,  and  one  that  I  valoe  most 
hiehlj,  to  deliver  to  you  the  WoUaeton  PaUadiam  Medalt  aimfded 
lh»  fiar  hy  the  Coo&oU  of  the  Sodatj  to  jroiiml^ '' lor  th^ 
ssfrioea  rendered  hj  you  to  gedogical  sciCDoe^  and  particiikrly  IJM 
your  (Geological  Hap  of  Itdand,  the  resolt  of  yonr  own  laborioof 
and  jndioioQs  reeeardMs/' 

It  has  been  my  fnrtnne  to  go  orer  no  small  proportion  of  the  gecM 
logy  of  Ireland,  and  to  tisii  distriets  in  the  sister  Idncdom  of  the 
stmctnre  of  i^ich  our  information  was  wholly  denred  from  yonr 
kboore.  I  ean  therefore  bear  personal  testimony  to  the  ralne  and 
eileBt  of  yonr  researaheSb  and  ezpressy  from  mT  own  knowledge  off 
the  &e(Si.tbe  admiration  thai  I  fisel  for  one  of  the  most  remambk 
gsologieal  maps  erer  prodnoed  by  a  single  geologist.  The  more 
Fonr  eonntiy  is  eiploied  the  more  will  mm  of  sdenoe  be  astonished 
by  die  minntencse  of  detail  eontamed  in  thai  fiuoaons  work«  Ton 
hm  inrestigaied  a  eonntry  thai  in  great  piurt  was,  preriously  to  Tonr 
laboorsy  a  geologicaUy  nnknown  limd«  The  fermatkins  with  wnidh 
ycNihad  to  deal  presented  in  many  j^acea  pecnliaritifs  that  demanded 
original  thought,  and  precluded  the  nsnaUy  safo  guide  of  analoginsi 
eoinpanson«  Ton  brarely  grappled  with  your  dmeulty  and  sh^ed 
yoor  powers  of  generalization  and  systemalisatioa  in  an  arrangement 
and  nomenslatnre  of  the  Irish  rous^  whidi  in  many  peinte  weM 
hi|^ilT  original,  and  hate  been  of  great  nse  to  kboorers  m  the  lister 
kingdom*  Theeewillbeof  more  nse  still,  and  every  year's  resaaroh 
eonrinces  those  who  are  now  offidaUy  engaged  in  the  exploration  of 
Iielaiid— Sir  Henry  De  U  Beehe  and  Mr«  Jnkee,  who  are  the  best 
witnessesj  ean  bear  ont  what  I  say-^-ihai  Tonr  mat  work  is  a  ma^ 
fMag  monomsnt  of  obsorration  and  skill*  The  terms  ''cal^'' 
and  ''yrilow  eandstone  "  are  important  ceoUweal  divisions  of  yonr 
Irandmf^  and  yon  first  showed  Uiat  the  tUdRsd  of  Irehmd  was  nol 
ftfaniaii*  Let  me  thank  yon  too  for  the  eonstant  attention  that  yon 
}m9  paid  tfaionghent  yonr  Ubonrs  to  the  obeervaAleii  and  enlhstioq 
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of  organic  remains^  and  the  accuracy  with  which,  in  every  case,  their 
geological  and  topoffraphiod  positions  were  noted  by  yon.  The  col- 
lection yon  made  of  Irish  fossils  is  the  finest  of  proofs  of  yonr  suc- 
cess, and  the  works  descriptive  of  them  by  Professor  M*Coy,  issued 
under  your  auspices,  and  distributed  by  your  liberality,  are  most 
valuable  contributions  to  pakeontological  science. 

In  thus  addressing  you  I  speak  reverentially  to  one  of  the  earliest 
members  of  this  Sc^ety,  and  to  a  geologist  who  appeared  in  print 
before  I  was  bom.  From  the  commencement  of  vour  labours  the 
economic  bearings  of  the  science  were  kept  constantly  in  view  by  yoii» 
and  your  earliest  memoirs  are  upon  the  coal-fields  of  Ireknd, — that 
on  the  Leinster  coal-field  having  been  published  so  long  ago  as  1814. 
You  proposed,  in  a  letter  to  the  DubHn  Society,  to  construct  a  geolo- 
gical map  of  Ireland  as  long  ago  as  1821.  I  need  not  say,  on  this 
occasion,  how  you  have  since  carried  out  that  wise  proposition.  Twice 
^sident  of  the  Geological  Society  of  Ireland,  yoiur  spirit  and  pre- 
sence has  done  much  to  promote  the  study  of  our  science  in  your 
country.    May  your  good  influence  long  continue. 

Dr.  Griffith  replied  in  these  words : — 

Mr.  President, — I  receive,  with  much  gratification,  the  Wollaston 
Medal  for  the  present  year,  which  has  been  conferred  upon  me  by  the 
vote  of  the  Council  of  the  Geological  Society. 

It  is  an  honour  to  which  I  never  aspired,  but  which,  I  confess,  I 
receive  with  pride  and  sads&ction,  as  a  proof  that  my  labours  in  Uie 
geol(»ical  field  of  Ireland  are  appreciated  by  those  who  are  best  able 
to  jndge  of  their  accuracy  and  importance. 

The  construction  by  me  of  a  Geological  Map  of  Ireland  is  now  an 
old  story,  as  upwards  of  fortv  years  have  elapsed  since  I  commenced 
it  at  the  pressing  instance  of  Mr.  Greenough,  one  of  my  oldest  and 
most  valued  friends.  It  was  in  the  summer  of  the  year  1812  that 
the  first  outline  of  the  Greological  Map  was  attempted,  when,  to  my 
own  then  limited  observations,  were  added  the  nasty  notes  of  my 
friend  Mr.  Greenough.  Smce  that  period  I  have  never  lost  sight  of 
the  work,  though  pubUc  avocations  have  occasionally  so  much  inter- 
fered with  its  progress,  that  only  trifling  additions  to  the  general 
data  were  made  during  several  years. 

The  meeting  of  the  British  Association  for  the  Advancement  of 
Science,  at  Dublin,  in  the  year  1835,  gave  a  fresh  impulse  to  my 
labours,  which  from  that  time  to  the  present  have  never  flagged; 
and  I  have  now  the  pleasure  of  presenting  the  result  of  my  labours 
in  as  complete  a  form  as  time  and  opportunity  have  enabled  me  to 
produce. 

The  Topographical  Map,  on  which  the  geological  boundaries  have 
been  engraved,  was  constructed  at  the  Ordmmce  Survey  Office, 
Dublin,  under  the  superintendence  of  my  friend  Major  Larcom,  Royal 
Engmeer,  in  the  year  1838,  and  is  the  most  accurate  Map  of  Ireland 
that  has  hitherto  been  published.  It  is  laid  down  to  a  scale  of  four 
miles  to  an  inch,  and,  although  on  that  scale  it  appears  in  many 
parts  to  be  crowded  with  geological  details,  yet,  even  in  those  plaoe8» 
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if  we  look  to  tlie  scale  of  nature,  it  is  meagre  indeed ;  in  fad;  m j 
labours  most  be  considered  only  in  the  light  of  an  ontlhie  and  pre- 
cnnor,  which  may  &cilitate  the  labours  of  Sir  Henry  De  la  Beche 
and  his  unrivallea  corps  of  zealous  and  enlightened  colleagues,  who, 
in  the  true  spirit  of  English  scientific  hcmesty,  will  at  all  times  award 
the  fun  meed  of  credit  due  to  an  antecedent  labourer. 

In  a  work  which  has  been  forty  years  in  hand,  during  which  time 
Geolc^  has  made  such  rapid  stndes,  as  might  be  expected,  the  first 
outlines  and  dtrisions  into  systems  haye  been  frequently  revised  and 
changed,  and  I  may  say,  I  have  found  it  necessary  to  revisit  every 
dtstricty  nay  nearly  every  parish,  in  Ireland  at  least  three  times. 

I  may  allude  to  the  subdivisions  of  the  Carboniferous  system,  from 
the  Old  Bed  Sandstone,  or  Devonian,  to  the  Goal-formation  inclusive : 
this  system,  originally  given  as  one  undivided  suite,  is  at  present  sub- 
divided into  seven  senes,  five  belong^g  to  the  Carboniferous  Umestone 
and  two  to  the  Coal.  I  now  look  back  with  wonder  at  the  labour, 
and  perhaps  danger  in  a  scientific  view,  of  attempting  subdivisions, 
some  of  which  at  the  time  were  new  to  geologists. 

Next  I  may  point  to  the  subdivision,  or  at  least  attempted  subdi-> 
vision  of  the  Slate-series,  formerly  called  Transition  or  Greywacktf 
slates,  into  Cambrian  and  Silusian,  rendered  necessary  by  the  won-> 
drous  labours  of  my  ^ends.  Professor  Sedgwick  and  Sir  Roderick 
Murchison. 

But  I  fear  and  feel  I  am  trespassm^  on  valuable  time,  and  shsU 
conclude  by  thanking  you,  Mr.  President,  for  the  very  flattering 
manner  in  which  you  have  had  the  kindness  to  express  yourself  in 
presenting  to  me  the  WoUaston  Medal. 

On  presenting  to  S.  P.  Woodward,  Esq.,  the  Proceeds  of  the  Wol« 
lastcm  Fond,  the  President  addressed  him  as  follows : — 

Mr.  Woodward, — It  is  with  no  small  pleasure  that  I  announce 
to  yon  that  the  Council  of  the  Geologicsl  Society  have  awarded  to 
yoQ  die  proceeds  of  the  WoUaston  Fund  for  the  present  year.  They 
do  so  *'  in  acknowledgement  of  the  value  of  your  recent  Palaeontolo-* 
deal  labours,  and  to  assist  you  in  the  publication  of  your  researches 
mto  the  structure  and  affimties  of  Brachiopoda  and  Rudista."  You 
and  I  have  worked  together  offidally  withm  these  walls,  and  I  know 
well  how  thoroughly  you  have  mastered  the  details  and  the  generali- 
ties of  those  brancnes  of  Palaeontology  to  which  you  have  directed 
your  attention.  Every  naturalist  who  has  made  himself  acauainted 
with  the  admirable  manner  in  which  you  have  worked  out  tne  diffi- 
cult palseontoh^cal  problem  of  the  structure  and  affinities  of  the 
Bndista,  and  how  many  anomalies  have  been  definitely  cleared  away 
by  your  labours,  will  1>e  glad  to  hear  of  this  award.  We  trust  that 
the  results  of  your  researches  will  before  long  be  made  accessible 
throu^  publication,  and  that  you  will  continue  to  pursue  a  course 
whidi  is  sure  to  gain  you  honourable  fame  and  secure  for  you  a  hkh 
position  in  the  world  of  science,  worthy  of  the  son  of  one  who  md 
mndi  good  service  to  British  Geology  in  his  time. 
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Mr,  WooDWA*©  rfplW-- 

Sir,  I  b«f  to  think  j<nu  mi  tha  GonsflO,  tar  thi  Tihiabb  aon^H- 
moiUy(mlme<Kmftnidispoiime.  It  is  wtU  knowii  to  manj  g«d** 
inm  iM>w  pifiWQt.  that  I  omiuBtiicod  lift  in  th«  wrviM  of  thk  80 
ii  tMiataiit  to  Mf.  LoQ«dal«,  whoM  namt  if  itill  to  bighl j  MUonod 
within  these  walk ;  and  I  aojo^ed  the  good  feitime  of  rmainiiur  h^ 
during  tha  whole  time  of  your  fonner  official  connection  wim  the 
Society,  In  the  portion  which  I  hare  held,  it  has  hean  my  dmkj 
father  to  assist  otbm  than  to  eondoct  inTcstintions  of  my  own ;  and 
I  ha?e  bean  ampl^  rewarded  by  the  kind  and  libaral  mannsr  in  wUdi 
the  slii^st  semoas  ha^  always  bam  adwowledgad  by  Fellows  cf 
thiaSooiity. 

ANNIYEBfiART  ADDBSSS  OF  THE  PBBSIDISNT. 

Qii9tTi,Biivii,-^Whilst  we  rejoice  in  oar  continned  prosperity  and 
look  forward  eonfidently  to  this  ftitnre  proeress  of  Geology,  we  mnsi 
not  forget,  that  the  year  jnst  gone  by  has  been  one  of  mourning  for 
science  and  of  heafy  losses  W  deatn,  abroad  and  at  home,  for  oar 
Society.  First  in  the  list  of  the  departed,  who  were  among  oar 
emwent  membeni»  is  the  name  of    « 

Leopold  Von  Buch.  The  death  of  this  illostrious  nhiloiopher 
and  pre^minfnt  geologist  took  place,  after  a  6w  dayr  iUneap,  at 
Berlin,  in  March  1853*  Ha  had  attained  the  ape  of  79  yean,  and 
to  the  Ust  preaerfed  his  onrivalled  energy  and  scientific  enthasiaam. 

Baron  Von  Buch  was  a  member  of  an  ancient  and  nobis  Praasian 
family,  and  was  a  Royal  Chamberlain  of  Prussia ;  knighthoods  and 
distinctions  of  all  Uiws  bad  b^en  showered  upon  him  nnaooght,  for 
his  merits.  H«  was  one  of  the  eight  Foreign  members  of  the  Insti- 
tute of  Fmnpe,  and  a  foreign  or  honorary  fellow  of  almost  every 
great  scientific  academy  out  of  his  own  countrr.  At  home  ha  was 
one  of  the  most  aotiTS  members  of  the  Berlin  Academy  of  Seiancas, 
Fortunate  in  the  possesion  (^a  sofficient,  if  not  ample  income,  on* 
tied  by  the  trammels  of  office  or  routine  datiea»  he  was  enaUed  to 
demote  the  whole  of  Us  ]m^  lifo  to  the  search  after  aeiantifie  troth. 
I^obly  did  he  folfil  his  misoon-  Unselfish,  ftee  ftom  envy,  anziona 
and  able  to  aidt  he  sought  not  only  to  advance  scaance  by  his  own 
e;iertions>  but  to  assist  by  advice  at  all  times,  b}r  parse  whaie  neoes- 
aaiy.  every  youna^  man  who  worked  earnestly  in  the  same  coone. 
There  is  au  old  Jewish  proverb  which  says,  ''He  who  seeks  a  name 
loees  fame ;"  Leopold  Von  Buch  scomeA  fame  and  gained  it. 

He  was  a  pupil  of  Werner  i  one  of  the  youths  dewuied  afterwards 
to  be  illustrious,  who  studied  undef  the  instruction  of  tha  renowned 
{HTofessor  ojf  Freiberg.  However  serious  t^e  demerits  of  many  of  the 
yiews  iuromub;ated  by  that  distinguished  teacher,  hia  aloouenca  and 
inspiration  eSected  ^hty  s^yiees  for  ftooloffy,  through  the  love  for 
the  aoicnoe  with  whi(4i  it  imbued  bis  disciples.  iSmra  vanish  in 
the  course  pf  time»4hfy  are  tik^  napnamaUe  ^Miaea  in  gaolo. 
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gied  fermatkns, — ^Imi  merits  lait  for  ef^»  for  throng  them 
emDoC  fkO  to  adtaaee.  Von  Baeh  waa  one  of  the  fint  to  miictiatf^ 
the  mistaken  yiews  of  hia  master*  hut  he  ayowe^jdid  so  bv  the  ¥917 
nirit  and  method  of  research  wUch  he  had  chenuisd  and  Wwd  at 
tab  mbook  of  Freibeig. 

Von  Bodk  was  <mWeif;hteen  jeara  of  age  when  he  eommenqed  hia 
long  series  of  contributions  to  the  Uten^ire  <^  seieooe.  His  fiist 
pi^wr  was  **A  Mmei«l<^;ioal  Description  of  the  Carlsbad  fiegioo^'* 
wmted  anonymooslj  in  1792.  Fbur  years  afterwards  he  prcKbioed 
Ilia  '*  Contribution  to  a  Mineralogical  Description  <^  Landeck,"  and, 
soon  after  a  similar  treatise  for  ^esia»  accompanied  by  a  geologieal, 
map.  Hia  merits  as  an  aecnrate  observer  and  dear  describe  were 
maniftsted  in  these  eariy  productions. 

In  the  now  venerable  and  ever411itf triona  Humboldt  he  found  a 
ftisnd  and  fellow-student,  with  a  Idndred  mind  and  genius,  and. 
these  two  great  men  wiwked  together  early  in  life*    At  the  dose  of 
the  last  century  they  visited  the  Alps  and  Italy  in  covnfmy»  and 
thore  it  was  tluit  Yon  Buch  commenced  those  researches  inta  tho. 
geolocieal  phenomena  of  Tolcaimes  that  alone  would  have  immor- 
taliaed  his  name.    He  founded  a  great  part  fxt  what  may  be  tenaed 
tiie  Science  of  Volcanoes,  and  gr^hially  divesting  hiaaddf*  by  tha 
legitimate  process  of  extended  observation,  of  Wmerian  theoiittw 
worked  out  this  most  interesting  seotion  of  geology  in  the  oountriie 
moat  Kkdy  to  enable  him  to  Mlve  the  many  problems  it  jprea»its« 
Italy,  Central  France,  the  trap  districts  of  Germany  and  Seotbuidt 
and  eventually,  in  1815,  the  Canary  Islands  wwe  submitted  by  him 
to  ck»e  personal  inspection;  with  what  results  I  need  uot^  in  this, 
pko^  recall.   Suffice  to  say,  that  his  great  work* '  Ihe  Ph;raieal  Da*. 
SQfiption  of  the  Canary  Islands,'  will  long  remaiii  an  endnnng  laonn:* 
ment  of  his  UMurs  and  his  generahiations.    The  theory  of  Craten 
of  Elevation  was  one  of  the  most  influential  of  the  doctrines  broadied 
by  him  after  his  careful  and  prolonged  study  of  igneous  pbaonoBiena.. 
But  dnrinff  ihit  course  of  these  peculiar  studies  his  mind  was  not. 
conflned  to  £em,  and  other  subjects  of  equal  importanoe  engaged  a 
portion  of  his  attention  with  as  valuable  resuUa.    In  1806,  whilst 
Europe  was  torn  by  revduticms  amonc  men.  Von  Buch  retired  to 
the  inlds  of  Scandinavia,  there  to  study  the  greater  revolutioua  of 
Nature.    Durm^  a  two^years*  travd  in  Norwav>  Sweden,  and  Li^ 
land,  his  inquisitive  sjpmt  did  not  fail  to  evolve  new  subjects  for 
ita  speculations.    What  he  saw  there  forced  him  to  abandon  the 
belier  in  the  necessarily  primitive  date  of  granitei^and  hia  observation 
of  the  gradual  rise  of  the  Scandinavian  area  and  its  attendant  plMsno* 
mena,  previoudy  only  imperfectly  noticed  and  quite  roisunderstoodt 
has  been  a  fhu^  source  of  fresh  chapters  in  geoLo^.    How  many 
of  the  best  disonisitions  of  our  time  oould  traoe  their  roots  to  tbaae 
ehservations  of  Von  Buch  I 

The  first  Oedogieal  Mu>  of  Germany  appeared  in  1824.  Von 
Bnch's  name  is  not  appenaed  to  it,  but  it  is  known  that  he  was  tha 
eoopiler  and  anthor.  The  impulse  to  locd  geology  given  by  a 
imaaap,  aid  the  diffioultiai  with  wbieh  th«  eoiistny^  hmi  iiesi^ 


Digitized  by 


Google 


ZZIT  PROCBKDIN68  Or  THK  OBOLOOICAL  SOCIETY. 

flarily  to  contend,  cannot  be  too  highly  appreciated.  The  first  step» 
in  this  as  in  many  other  things,  is  the  chief  difficulty,  and  one  apt 
to  be  underrated  by  those  who  come  afterwards. 

After  his  return  from  the  Canaries,  Switzerland,— always  the 
£iTourite  r^on  with  Yon  Buch,  —  again  became  the  scene  of  hia 
travels.  The  mode  and  epochs  of  the  upheayal  of  mountain  chains 
were,  among  other  subjects,  the  themes  of  his  inquiries  and  essa;^. 
The  ftmous  doctrines  of  £He  de  Beaumont  bear  witness  to  the  in- 
fluence and  suffgestiveness  of  Von  Buch's  observations.  His  theories 
concerning  Dolomite,  though  not  so  productive  of  rich  results,  ex- 
dted  genml  attention  and  caused  much  wholesome  controversy. 

Twenty-five  years  ago,  when  already  past  the  fiftieth  year  of  his 
sfte.  Von  Buch  seemed  to  enter  upon  an  entirely  fresh  career,  and  to 
tuLC  up  a  line  of  inquiry  in  a  totally  different  direction  from  that 
which  ne  had  previously  followed,  for  he  commenced  those  brilliant 
palscontological  researches  that  have  secured  for  him  a  permanent 
fiune  among  the  cultivators  of  the  n^bmral  history  side  of  geology, 
sod  even  among  pure  naturalists.  I  say  *'seem^"  to  enter  npoa 
this  course,  for  the  thought  and  study  had  Ions  been  working  in  his 
mind,  as  is  evident  from  the  essay  'On  the  Frogress  of  Forms  in 
Natcore,'  printed  by  him  as  early  as  1806.  The  ideas,  then  eop- 
ceived  imperfectly,  had  been  silently  and  steadily  growing  within 
him,  nourished  by  continual  observations,  and  in  18^  they  took  a 
definite  form,  when  he  published  hia  observations  on  Ammonites, 
followed  at  intervals  by  nis  monographs  upon  the  GK>niatites,  Br*- 
chiopoda,  and  Cystidea.  There  are  two  distmct  aspects  of  Palnonto- 
logv,  a  geological  side  and  a  physiological  side.  Cuvier  was  the  true 
arenitect  of  the  latter,  but  Yon  Buch  erected  the  former.  It  was  he 
who  first  developed  the  idea  of  the  chronomorphosis  of  genera,  the 
groit  leadmg  principle  of  natural  history  applied  to  gedogy.  He 
arrived  at  it  fau-ly  and  inductivdy,  and  demonstrated  it  monographi- 
cally  and  practically.  He  gave  a  grand  impulse  to  the  stady  of 
strrafied  rocks,  an  impulse  only  now  b^;inning  to  be  felt  in  its  full 
force.  With  his  usual  sagacity  he  saw  dearly  its  value  and  bearings, 
as  is  plainly  indicated  by  his  essays  on  comparative  or  geoffnmhml 
geology,  and  the  latest  of  his  numerous  memoirs,  those  on  une  Creta- 
ceous and  Jurassic  formations.  If  I  am  not  greatly  mistaken,  the 
fiiture  progress  of  comparative  geology  will  depend  mainly  on  the 
followii^  up  of  the  palseontolog^od  doctrines  that  were  originated  by 
Yon  Buch.  Yiewed,  too,  entirely  apart  from  their  geological  merit^ 
and  considered  under  a  purely  natural-history  aspect,  the  mono- 
gnmhs  on  fossils  by  Yon  Bucn  are  most  remarkable  productiona, 
botn  as  descriptive  and  as  philosophic  essays.  Not  long  before  he 
died  he  directed  his  attention  to  fosril  botany,  and  endeavoured  to 
evolve  guiding  principles  from,  the  study  of  the  nervation  of  leaves. 
He  did  not  rashly  enter  upon  this  fresh  subject,  for  botanical  in^pu- 
rm  had  long  before  interested  him  in  their  details,  as  his  Scandina- 
vian and  Canarian  researdies  testify. 

Philosophers  may  be  divided  into  two  neat  natural  orders,  those 
wdho  sow  and  those  who  reap— the  on(pnatoi8  and  the  "" 


Digitized  by 


Google 


ANNIYSRSART  ADDRS88  OF  THE  PRESIDENT.  XXV 

stnton.  Yon  Bach  was  a  sower.  He  went  about  the  world  cast- 
ing the  seeds  of  new  researches  and  fresh  ideas,  wherever  his  pro- 
p^tic  spirit  perceived  a  Boil  adapted  for  their  germination.  The 
world  or  science  has  gathered  a  rich  harvest  through  his  foresight. 
He  is  the  onlj  geologist  who  has  attained  an  equal  fame  in  the  phy- 
sioJ,  the  descriptive,  and  the  natural  history  departments  of  his 
science.  In  all  three  he  has  been  an  originator  and  a  discoverer. 
In  every  subdivision  of  all  three  he  has  been  a  8U|^;ester  —  a  high 
naerit  in  itself. 

Yon  Buch  never  married.  PersonaUy  he  had  his  peculiarities 
and  eooentridtieSy  odd  ways  of  his  own  that  amused  the  stranger 
and  endeared  him  to  his  many  friends.  Probably  no  geologist  had 
ever  so  general  an  acquaintance.  He  went  everywhere  to  take  the 
measure  of  the  workers  in  his  favourite  science,  and  knew  them, 
bodily  and  mentally,  almost  all.  I  shall  ever  esteem  it  a  eood 
fortone  to  have  seen  him,  to  have  received  a  lesson  from  him, 
and  to  have  deserved  his  published  commendation.  Though  gone 
from  among  us,  his  ubiquitous  spirit  is  with  us,  and  in  the 
Bqiort  which  I  shall  have  to  give  of  geological  progress  during 
die  past  year,  I  could  point  out  the  influence  of  his  ideas  at  almost 
eveiy  step. 

A  short  half  year  has  passed  away  since  among  the  most  active 
and  vigorous  of  our  younger  members,  Hugh  Edvhn  Strickland 
took  a  prominent  part  in  our  meetings  and  discussions.  Healthy, 
earnest,  and  indefatigable,  his  life  promised  to  be  one  of  long  ser* 
vices  to  natural  science.  In  the  best  period  of  manhood,  when  ex- 
perience and  energy  meet  and  work  together,  when  weUnsustained 
exertions  in  the  cause  of  truth,  and  the  proofk  of  an  equal  capacity 
for  scientific  learning  and  original  research  have  raised  our  expects* 
tioDS  and  cherished  our  hopes,  Mr.  Strickland  was  taken  from  amongst 
us  awMly  and  inmiediatdy,  £dling  literally  a  martyr  to  geological 
science.  He  had  been  engaging,  with  his  customary  zeS,  in  the 
diseuflnons  of  the  Meeting  of  the  British  Association  at  Hidl,  when 
at  the  termination  of  the  sittings  he  proceeded  to  the  neighbourhood 
of  East  Retford,  to  examine  the  cuttmgs  on  the  Hue  of  railway  at  the 
mouth  of  the  Clanborough  Tunnel.  Intent  upon  his  observations, 
note-book  in  hand,  unhappily  unaware  of  the  danger  of  his  position, 
he  stepped  from  one  line  to  another  to  avoid  an  approaching  coal- 
train,  just  at  the  moment  that  the  Great  Northern  passenger-train 
was  issuing  from  the  tunnel.  Instantaneous  death  termimited  his 
earthly  career. 

Mr.  Strickland  was  in  the  forty-second  year  of  his  age.  He  was 
a  native  of  Righton  in  Yorkshire,  and  inherited  scientific  tastes  from 
his  frUher,  m.  H.  E.  Strickland  of  Apperley,  and  his  maternal 
grandfather,  the  eminent  Dr.  Edmund  Gartwright.  Part  of  his 
education  was  conducted  by  the  late  Dr.  Arnold,  who  took  a  warm 
interest  in  the  talents  of  his  distinguished  pupil.  His  training  was 
eompk^ed  at  Oxford,  where  he  studied  at  Onel  College,  and  where 
dowbtos^  under  the  lectures  of  Dr^Buckland,  he  acquired  and  rqpened 
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those  geoloffical  tastes  which  eventnally  led  to  his  appointment  ms 
successor  of  his  illostrious  master  in  the  Geological  Chair  of  the 
University. 

His  acquirements  in  natural  science  were  singularly  diversifiody 
embracing  more  or  leas  all  departments  of  natural  history,  and  there 
are  few  sections  of  the  science  upon  which  at  one  time  or  other 
he  did  not  publish  observations  or  memoirs.  His  knoiidedge  of  the 
literature  of  natural  history  was  remarkably  extensive,  exceemng  pro- 
bably that  of  any  living  naturalist ;  and  the  '  Bibliographia  Zoologise 
et  G^eologiae/  based  on  the  manuscripts  of  Professor  Affassis»  and 
published  by  the  Ray  Society,  owes  much  of  its  value  to  his  editorial 
care  and  unrivalled  acquaintance  with  authors  and  their  works.  As 
a  soolc^t,  the  greater  share  of  his  attention  was  devoted  to  oinithcH 
logy,  in  which  department  he  enjoyed  a  world-wide  fame.  His  work, 
written  jointly  with  Dr.  Melville,  on  extinct  birds,  especially  the  Dodo^ 
was  an  application  of  his  ornithological  knowledge  to  geology. 

Mr.  Strickland's  geological  researches  were  confined  to  no  single 
locality  or  group  of  formations,  and  his  name  will  be  ever  recofded 
in  histories  of  geology.  In  the  British  Islands  his  favourite  subjeets 
were  the  New  Red  Sandstones,  Idas,  and  Pleistocene  beds.  In  oon* 
junction  with  Sir  Roderick  Murchison,  he  described  the  geology  of 
the  neighbourhood  of  Cheltenham,  and  communicated  to  our  Trans- 
actions the  well-known  important  memoir  *'  On  the  Upper  Forma- 
tions of  the  New  Red  Sandstone  system  in  Gloucestershire,  Woreesteiv 
shire,  and  Warwickshire."  Many  papers  on  the  geolognr  of  vmrioiM 
points  in  these  counties  are  contained  in  our  Joumua  and  Pro- 
ceedings. He  contributed  also  to  a  knowledge  of  the  geology  of  dmv 
tions  of  Scotland  and  of  the  Isle  of  Man.  In  company  with  Mr. 
Hamilton,  he  travelled  in  the  Mediterranean  and  Levant,  and  ex* 
plored  the  geology  of  parts  of  Asia  Minor,  the  Thraoian  Bosphoros, 
and  the  Island  of  Zante.  Their  joint  memoirs  on  those  countries  aie 
printed  in  our  Transactions,  and  contributed  materially  to  extend  our 
Knowledge  of  the  structure  of  Eastern  Europe  and  Western  Asia. 
The  demonstration  of  the  existence  of  Palseosoic  strata  on  the  shoies 
of  the  Bosphorus  was  one  of  the  many  fruits  of  this  expedition. 

Earnestness,  energy,  and  simpUcity  were  the  diBtinguishing  features 
of  Mr.  Strickland's  character.  He  was  thoroughly  a  man  (tf  science, 
and  as  thorough  a  gentleman.  Fearless  in  his  maintenance  of  his 
convictions,  whether  by  speech  or  poi,  his  freedom  from  animosity 
and  evident  straightforwardness  invariably  converted  his  opponents 
into  friends.  Mr.  Strickland  was  most  happily  married*  but  has  left 
no  family.  His  father-in-law,  the  eminent  naturalist  Sir  William 
Jardine  of  Applegarth,  has  undertaken  to  com^^ete  the  editing  of  the 
remaining  volumes  of  the  '  Bibliographia.' 

One  of  the  wannest  and  wisest  friends  of  the  Society,  and  daring 
many  years  an  active  member  of  it  and  constant  attendant  at  ito 
meeting,  was  Charles  Stokes,  whose  name  will  be  long  bc^ne  in 
mind  with  ^fieotion  and  gratitude  by  many  geologists  and  natnraliats. 
Althoii^  constantly  and  assidiioaslj  engaged  in  business  Mr»  8(8^ 


Digitized  by 


Google 


▲mmniBAAaY  ADoasn  of  thb  pasiiDSNT.  xxyu 

eovtmrad,  wliHit  pamng  his  days  in  the  City  and  on  the  Stock  £z- 
ehaiige»  of  which  ne  was  a  rooit  respected  member,  to  acquire  a  yast 
inoQiit  of  minata  and  aocorate  scientific  information,  and  to  pursue 
Oi^inaL  though,  alas,  too  seldom  published  researches ;  and  there 
WM  acaraelj  an^  department  of  tne  natural  history  sciences  with 
iriudfc  his  asquaintanee  was  not  considerable.  Careless  of  fame  and 
brmfbl  of  btmrolence,  he  laboured  incessantly,  whenever  a  moment 
of  leiaore  permitted,  to  advance  science  by  every  means  that  lay 
within  his  power.  He  collected  rare  and  interesting  specimens  at 
any  coat,  not  ibr  their  own  sakes,  but  to  place  at  the  disposal  of  any 
competent  person  who  had  the  requisite  knowledge  and  determmation 
(o  inresti^te  the  subjects  they  could  serve  to  elucidate.  Before 
mierpfloopio  science  was  in  &shion,  he  was  at  work  encouraging  the 
makora  of  mieroocopes,  suggesting  improvements,  purchasing  beauti- 
fill  fawtruments,  and  testing  their  application.  When  Uthogn^hy 
was  in  its  in&ney  in  England,  he  foresaw  what  could  be  done  with 
the  riling  art ;  and,  sparmg  no  expense,  found  a  sealous  and  talented 
ally  in  the  late  Mr.  HuUmandel  for  experimenting  on  his  sug* 
gaotiDna.  His  knowledge  of  some  branches  of  zoology  and  paleeon- 
tology  was  minute  and  curious,  as  well  as  of  parts  of  botany.  Trilo^ 
bites  and  Zoophytes  were  amone  his  favourite  subjects ;  upon  the 
former  he  oommunicated  valuabTe  materials  and  information  to  the 
great  wmk  of  Alexander  Brongniart  on  the  Fossil  Crustacea ;  about 
the  latter  he  possessed  a  store  of  novel  and  original  information, 
which  I  fear  is  m  great  part  lost  with  him.  The  subject  of  the  fos- 
iQinlion  of  wood  was  one  which  he  pursued  even  to  the  last ;  and 
only  two  months  before  his  death  I  received  a  letter  Arom  him,  accom- 
panying some  speeimens  illustrative  of  his  views,  and  inquiring  about 
othera.  In  the  5th  volume  of  the  2nd  series  of  our  Transactions  is 
published  a  valuable  paper  by  him  on  this  subject,  containing  an  ex- 
planation of  the  phenomena  exhibited  by  partially  silioified  wood, 
and  of  the  progressive  steps  in  the  process  of  petrifoction.  In  the 
same  rolume  is  a  memoir  upon  *'  Some  Species  of  Orthooeratl^'*  with 
an  account  of  the  siphon  of  Actinoceras  and  the  foundation  of  the 
genus  OrmoeeHu.  The  many  curious  researches  concerning  the 
OfthoeeratHes  that  have  interested  paleeontologists  of  late  years  had 
thrir  origin  in  his  discoveries.  Some  time  before  he  had  made 
mineralo|^eal  communications  to  the  Society.  His  name  is  con- 
stantly cited  in  numerous  foreign  treatises.  But  the  scantiness  of 
bis  writings  can  give  no  true  notion  of  his  learning  and  his  influence 
on  the  progress  of  science  during  his  time.  Not  an  expedition 
started  for  foreign  discovery,  but  he  was  in  at  the  commencement  to 
advise  and  direet  the  natural  history  arrangements.  I  am  one  of 
many  who  owe  much  to  the  sound  sense  and  surprising  knowledge  of 
Oianea  Stokes.  He  was  the  Ellis  of  our  times.  I  have  spoken  only 
ef  his  aeiflntifie  learning ;  he  was  as  remarkable  for  literary,  anti- 
qnarian,  mnaical,  and  artistic  knowledge.  He  died  in  London,  deeply 
fsgfolted,  in  the  last  week  of  December  1853,  at  the  age  of  70.  ^vs 
ptaMant  and  w)|f  jHPesenoe  will  be  n^issed  for  many  a  year. 
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Mr.  Alexander  Robertson,  whose  name  as  a  geologist  was 
best  known  to  us  with  the  affix  '^  of  £lgin/'  was  bora  at  Aberdeen  in 
the  year  1816,  and  after  an  education,  conducted  partly  in  England 
and  partly  in  Scotland,  became  a  pupil  of  Professor  Syme»  and 
studied  medicine  at  Edinburgh.  Disliking  his  intended  professicni, 
he  soon  abandoned  it,  and  after  studying  science  in  Germany,  re- 
turned to  Scotland  and  settled  in  Morayshire,  to  pursue  farming,  I 
regret  to  say  without  success,  since  his  death  left  a  widow  and  joor 
chddren  unproyided  for.  Mr.  Robertson's  name  is  familiar  to  yon  as 
that  of  the  oiscoTerer  of  Freshwater  beds  intercalated  in  the  Ootites  of 
Brora.  He  communicated  his  observations  on  this  subject  to  our 
Society,  and  subsequently  (May  1846)  a  longer  memoir  *'0n  the 
Wealden  Beds  of  Brora,  Suiherlandshire,  with  Remarks  on  the  Rela- 
tions of  the  Wealden  Strata  and  Stonesfield  Slate  to  the  rest  of  the 
Jurassic  System,  and  on  the  Marine  Contemporary  of  the  Wealden 
Strata  above  the  Portland  Stone;"  an  essay  remarkable  for  its 
thoughtful  and  suggestive  character.  In  tms  paper  he  pleaded 
forcibly  for  Sir  Roderick  Murchison's  view  of  the  Oolitic  relations  of 
the  Wealden ;  some  recent  discoveries  have  in  great  part  supported 
the  ai^i;ument  maintained  by  Mr.  Robertson. 

Mr.  Henry  William  Taylor  was  well  known  to  the  Members 
of  our  Society  for  his  fine  collection  of  Chalk  fossils,  which  he  spand 
neither  time  nor  expense  to  bring  together. 

I  shall  not  venture.  Gentlemen,  in  the  foUovring  Address  to  discuss 
fully  and  in  all  its  details  any  one  subject,  in  the  manner  so  admirably 
and  usefully  done  by  my  immediate  predecessor,  but  follow  the  plan 
pursued  by  not  a  few  of  the  distinguished  men  who  have  filled  this 
Chair,  of  presenting  to  you  in  brief  a  summary  of  the  leading  features 
of  geological  progress  during  the  year  just  passed^  and  a  commentair 
on  the  aspects  and  aspirations  of  our  science  as  manifested  and  indi- 
cated by  the  more  sah'ent  labours  of  geologists  during  1853.  To  do 
this  thoroughly  would  require  more  leisure  and  a  greater  command 
of  foreign  langjuages  than,  unfortunately,  I  possess ;  but  vrithout  pro- 
fessing to  furmsh  a  complete  report,  I  hope  to  be  useful  by  indicatinff 
the  merits  of  that  which  has  prmdpally  been  done  during  the  period 
I  have  had  the  distinguished  honour  of  filling  your  presidency.  If  I 
claim  the  privilege  of  occasional  criticism  and  difference  of  opinion* 
the  responsibility  of  objections  must  fall  entirely  on  myself,  and  if, 
througn  inadvertence,  I  commit  injustice,  by  passing  unnotioed  any 
essay  of  merit  and  consequence,  I  trust  on  a  future  occasion  to  recti^ 
the  mistake  and  to  render  the  acknowledgement  that  is  due. 

That  the  greater  part  of  my  report  vrill  take  cognizance  of  Geology 
under  its  palaeontological  aspects,  is  a  circumstance  not  dependent  <m 
my  own  predilections  or  peculiar  line  of  study ;  it  so  happens  that 
the  majority  of  important  papers  published  during  the  past  year  have 
been  more  or  less  of  this  character,  and  some  of  the  most  yalnable 
of  recent  contributions  to  our  science  concern  principally  the  natural 
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lustorj  department  of  (Ecology.  The  economics  of  the  science  have^ 
it  18  tme,  received  more  than  their  usual  share  of  attention,  gold  and 
coal  forming  the  themea  of  not  a  few  Tolumes  and  essays.  But 
geology,  properly  so  called*  of  a  sdentL&c  character,  is  thinly  diffused 
tfaroogh  annferous  treatises,  although  a  great  deal  is  often  written  in 
them  mboat  geology, — ^in  the  sense  however  of  round  about  it.  De- 
scriptive Geology  is  constantly  progressing,  although  the  number  of 
meimnrB  in  this  department  has  not  been  great  during  1853.  Know- 
ing how  much  is  m  progress  in  this  most  important  section  of  the 
soenoe,  we  cannot  regard  the  deficiency  in  the  number  of  publications 
upon  it  aa  any  indication  of  halting,  ^e  same  remark  may  be  made 
on  the  section  of  Geological  Dynamics.  Mineralogy,  under  its  geo- 
logical aspects  is  making  decided  progress  in  France  and  in  America, 
but,  to  our  shame  be  it  said,  continues  to  be  n^lected  in  England. 
There  are  numerous  cultivators  of  it,  it  is  true,  for  its  own  sake, 
teamed  and  able  mineralogists,  who  however,  on  this  side  of  the  Tweed 
at  least,  do  not  often  put  the  results  of  their  observations  into  print. 
In  SooUand  and  in  Ireland  the  pens  of  the  mineralogists  are  much 
more  active,  and  the  investigation  of  mineral  species  ardently  pursued, 
though  not  to  the  extent  tmitwe  find  these  inquiries  followed  in  Ger- 
many and  the  United  States. 

In  the  course  of  study  of  the  many  lately-published  memoirs  firom 
whidi  the  materials  of  my  Address  are  derived,  die  ijuestion  of  the 
meaning  of  the  difference  and  contrast  that  are  evident  when  we 
compare  the  ftnnas  and  floras  of  the  more  ancient  or  palaeozoic  with 
those  of  hiter  epochs,  has,  in  consequence  of  fresh  accumulation  of 
relevant  fiicts,  forced  itself  vividly  upon  my  attention.  It  is  a  sub- 
ject that,  in  common  with  most  geologists,  I  have  often  earnestly 
thought  over,  and  more  than  once  published  opinions  upon.  It  has 
been  the  ori^^nator  of  not  a  few  theories  and  speculations,  not  one  of 
which  can  be  said  to  have  borne  the  test  of  searching  inquiry  into 
fiusts.  Tet  I  think  I  am  not  wrong  in  saying,  that  a  belief"^  is  as 
strongly  impressed  as  ever  on  the  minds  of  geologists  who  take 
interest  in  the  phUoMiphy  of  their  science,  that  some  law  lies  at  the 
foundation  of  this  difference.  If  I  venture  to  add  one  speculation 
more,  althou^  its  predecessors  have  either  subsided  into  azoic  obh- 
iWD,  or  linger,  retaining  but  a  weak  hold  upon  our  minds,  I  do  so  in 
the  hope  that  there  is  a  vitality  in  my  offspring,  which  may  enable 
it,  wh^  it  becomes  developed,  though  as  yet  cmly  a  suggestion,  to 
endure ;  and  I  ask  jour  indulgence  for  introducing  it  on  this  occasion, 
on  the  plea  that  it  owes  its  birth  to  reflections  arising  out  of  this 
discourse. 

The  publication  of  the  first  volume  of  M.  fiarrande's  great  work 
on  the  Silurian  System  of  Bohemia  is  a  leading  event  of  the  geo- 
logical year  just  completed,  and  from  its  importance  commands  our 
first  attention.  The  researches,  the  results  of  which  are  embo- 
died in  this  elaborate  and  beauti^  treatise,  were  commenced  twenty 
years  ago,  but  have  been  more  especially  prosecuted  during  the  last 
thirteen  years.  From  time  to  time  we  have  had  more  or  less  detailed 
noCicea  of  the  fbiits  of  M.  Barrande's  assiduous  kbours,  but  could 
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Wtfody  judge  of  thdr  mhratenefis  and  imtmrCBiiet  untD  ha  eom* 
tnenced  to  send  them  forth  in  fbU.  He  now  takes  hit  pkot  definitely 
in  the  foremost  rank  of  geolog;ist8  and  paleontologists*  He  oombhM 
in  a  remarkable  degree  both  qualifications, — no  small  advantage  when 
the  wide  general  Tiews  and  the  classification  of  great  fbrmatk>nsb  mdh 
as  are  dealt  with  by  this  eminent  man,  hare  to  be  ftiUj  ooodidefed 
and  put  forth  with  ample  arguments.  Dirision  of  labour  is  good  fcr 
the  accumulation  of  sound  and  abundant  materials,  but  ezpefianes 
has  shown  in  both  geology  and  the  other  scienoel^  that  the  greatest 
advances  are  to  be  made  by  combinations  of  khids  of  knowledge 
in  those  who  deal  with  the  greater  problems.  M.  Barrande  has 
done  well,  it  seems  to  me,  by  pursuing  assiduously  the  double  couiie 
he  has  chosen.  The  main  body  of  the  purely  geological  portion  of 
his  work  he  proposes  to  publish  when  the  pa&ontoloffical  detafis» 
which  constitute  most  of  the  evidence  up<m  which  his  views  are 
founded^  have  been  laid  before  the  geolop;ical  world  in  all  their  ooBh 
pleteness.  The  task  he  has  before  him  m  this  respect  is  a  laborious 
one ;  no  less  than  the  detailed  description  and  critical  investigirtiflii 
of  some  1200  species  of  fossils,— -for  such  is  the  number  that  has 
rewarded  his  search  in  Bohemia.  The  natural  history  and  prinenal 
part  of  his  first  volume,  abulky  work  in  itself,  is  devoted  to  the  orasr 
of  Trilobites.  It  is  prefaced,  however,  by  a  general  outline  of  the 
geology  of  Bohemia,  which  first  deserves  our  notice,  both  on  account 
m  the  interest  it  must  present  to  British  geolog^  dealing  with 
palseosoic  strata^  and  also  because  of  certain  ori^mal  and  poeoliar 
views  put  forth  in  it. 

The  Silurian  formation  of  the  centre  of  Bohemia  oonstitiitei  a  well 
defined  basin  of  an  elongated  oval  shape,  the  great  aiis  of  which  is 
directed  nearly  N.E.  and  S.W.,  and  has  a  length  of  about  20  Germa 
geographical  miles  with  a  maiimum  breadth  of  10.  It  is  firom  6A 
to  60  miles  in  circumference.  Towards  the  N.E.  and  N.  a  small  por» 
tion  is  bomaded  l^  the  Trias,  the  Qnader-sandstcme,  the  Planer-kaUc» 
or  by  the  Carboniferous  formation.  Elsewhere,  for  two-thirda  of  its 
maigin,  granite  or  primordial  crystalline  rocks,  such  as  gneiss  and 
mica-slate,  constitute  its  base  and  its  boundary.  A  few  small  caibo* 
nilnrous  basins  are  sprinkled  over  the  Silurian  suHkoe,  as  well  as  a 
few  isolated  outUers  of  cretaceous  beds.  The  dip  in  the  two  hahes 
of  the  basin,  the  one  to  the  N.E.  and  the  other  to  the  S.E.  of  the 
^ief  diameter,  is  towards  the  principal  axis.  The  beds  ordinanfy  lie 
at  an  angle  of  from  30^  to  45  ,  often  70%  and  are  not  unfrequesttly 
vertical. 

M.  Barrande  distinguishes  eight  stages  of  strata  to  which  he  aeaias 
a  Silurian  age ;  four  of  them  he  ireflnrds  as  Lower  Silurian,  and  mm 
as  Upper  Silurian.  Of  his  Lower  Silurian  stages  the  two  lowermost 
are  aiEoic,  the  distinctions  between  them  being  founded  on  minenl 
ehancters,  the  first  being  composed  of  crystalline  rooks»  and  ^ 
second  of  clay-slates  and  conglomerates,  similar  to  the  foesiliferoaB 
Silurian  above  them,  but  wholly  void  of  organic  remains*  They  are 
rich  in  lead  mines.  These  axoic  stases  pass  into  each  other,  and  Ike 
iqiper  section  passes  gradually  into  the  fossiliftroua.beds  ah«feb 
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Th^  third  sttge  of  hii  Lower  Silturiaoy  and  the  first  of  his  foaaifi* 
ftroos  horiiODS,  indudei  his  '*  Sohiste  protozoique/'  aad  attains  a 
thickntss  of  1200  feet.  It  contains  no  beds  of  limestone.  The 
ftona  of  this  section  is  ver^  peculiar ;  it  is  composed  ahnost  totally 
of  TriIobites»  the  other  fossils  being  a  Pteropod,  some  Cystide»,  and 
an  OrUiis.  These  constitute  an  assembhige  upon  which  he  lays 
great  stress  and  designates  prifnanUaL  All  its  species,  without 
exoeptiooy  are  peculiar  to  itself,  and  of  the  Trilobites,  all  the  genera 
are  so,  with  the  exception  of  Agno$tu8,  The  peculiar  genera  are 
eithev  low  and  rudimentary  types,  or  members  of  the  Glenoid  or 
CSalymenoId  fiuniUes ;  not  typical  or  highly  developed  forms.  They 
are  ParadoxideSy  Canocephalus,  Ellipsocephalus,  Sao,  Arionellui, 
.HydroeephaU$y  and  JgnoHu*.  Of  the  first  of  these  genera  there 
are  no  fewer  than  tweWe  species,  some  of  them  exceedingly  prolific* 
Hiese  primordial  Tnlobites  have  a  peculiar  facies  of  their  own,  do* 
pendent  on  the  multiplication  of  their  thoracic  segments,  and  the 
diminution  of  their  caudal  shield  or  pygidium.  M.  Barrande  compares 
this  primordial  fauna  of  Bohemia  with  certain  fossiliferous  assem* 
blages  similarly  placed  at  the  base  of  the  fossiliferous  Silurians  in 
Wues,  Norway,  and  Sweden,  in  which  last  country,  indeed,  the 
peculiarities  of  its  fossils  long  ago  attracted  the  attention  of  natundists 
and  the  notice  of  Linnaeus. 

The  isolation  of  this  primordial  zone,  as  distinguished  from  the 
mass  of  the  Lower  Silurian,  is  chiefly  maintained  by  the  grouping  in 
it  of  the  Glenoid  iasoSLj  of  Trilobites,  almost  to  the  exclusion  of  all 
others.  It  is  not  quite  certain  that  more  than  one  of  the  genera  of 
Trilobites  distinctiye  of  this  zone  are  found  in  any  higher  beds.  The 
'exception  is  Jgnoatuip  the  lowest  and  most  rudimentary  type  of  its 
tribe.  Yet  ereR  this  has  its  metropolis  in  the  primordial  sone,  and 
senda  but  a  few  stra^ers  into  tne  diyision  immedii^ly  aborf  • 
The  same,  or  a  yery  similar  distribution,  has  been  obseryed  of  late 
years  by  Angelin,  who  during  1852  commenced  illustrating  the  fiinna 
of  the  Swedish  rocks. 

In  Wales  the  existence  of  this  primordial  fauna  has  been  clearly 
made  out.  The  rocks  which  contain  it  are  those  designated  by  Pro« 
fesaor  Sedgwick,  who  recognized  their  importance  as  the  "  Lingula 
beds,"  a  name  adopted  by  the  Geological  Survey.  Fossils  were  first 
I  belieye,  found  in  them  by  Mr.  Davis,  who  discovered  the  Lingula, 
from  which  they  received  this  name.  They  have  been  thoroughly 
examined  by  my  colleagues  of  the  Geological  Survey,  and  are  stated 
in  the  resumd  on  the  Lower  Palseozoics  of  N.  Wales,  communicated 
by  Professor  Bamsay  to  the  Society  last  April,  to  be  about  7000  feet 
thick.  Their  importance  has  been  fiiUy  recognized  for  some  time  by 
the  surveyors,  and  the  additional  evidence  accumulated  last  autumn 
by  Mr.  Salter  goes  to  support  the  stress  laid  upon  them  by  M.  Bar- 
rande. In  the  prosecution  of  the  search,  a  farther  result  has  been 
obtamed  in  the  way  of  a  subdivision  of  the  group,  and  a  palnontolo^ 
g^  distinction  of  importance  has  been  indioited.  They  prove  capable 
of  division  into  two  well-marked  sections,  viz.  a  lower,  of  which 
J(f90itu9  (probably  the  identical  species  described  from  the  abDV 
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slateB  of  Sweden),  an  OUnui^  and  Conoeepkaku  occor  along  with  die 
characterutic  XtfikTM^  of  the  deposit ;  and  an  upper,  where  the  same 
ffenera  are  accompanied  by  a  few  Brachiopoda  and  Biyozoa,  as  m 
Bohemia.  But  whereas  in  the  latter  country  no  passage  can  be  shown 
of  this  fauna  into  Uie  Silurian  stage  aboTc,  inWalesapalsBontdlogical 
passage  from  the  lingula  beds  into  the  Bala  or  Llandeilo  group 
appears  to  be  indicated.  This  is  marked  by  the  association  in  the 
upper  part  of  the  igneous  series  of  two  large  species  of  Olenua  with 
Jffnoitus  and  Lingrd<Sy  and  with  types  unquestionably  characteristie 
of  the  Llandeilo  beds,  such  as  Jsaphus,  Calymene,  and  Ogygia^  and 
GraptoUtes  of  species  undistinguishable  from  those  of  the  LJanddlo 


be  interesting  memoir  of  Dale  Owen  leaves  no  doubt  upon  the 
equivalence  to  these  beds  of  the  Potsdam  sandstone  of  North  America, 
in  which  Trilobites  of  the  Paradoxides  type  are  mingled  with  the 
Lingnlg,  so  characteristic  of  this  formation. 

Tne  demonstration  of  this  important  zone  of  life,  the  eariiest  as  yet 
distinctly  traced,  is  a  great  si^  in  Palaeozoic  Geology,  one  firmly 
established  during  the  past  year. 

The  extinction  of  the  primordial  fauna  in  Bohemia  is  attributed  by 
M.  Barrande  to  the  effects  of  the  icneous  eruptions  manifested  l^ 
the  masses  of  porphyries  interposed  between  his  lowest  fossiliferous 
and  the  succeeding  stage.  The  destroying  mfluence  of  trappean 
eruptions  are  more  than  once  laid  stress  upon  by  him.  Similar  phse- 
nomena  appear  to  have  terminated  the  lingula-flag  epoch  in  tl^ 
Welsh  area ;  volcanic  outbursts,  as  remarked  by  Prmessor  Bamsay, 
*'  in  consequence  of  which  great  ashy  deposits  were  found  interstra- 
tified  with  ordinary  muddy  sediment,  ana  here  and  there  associated 
with  thick  beds  of  felspathic  lava."  But  these  outbursts  do  not 
always  appear  to  have  had  so  decided  an  influence  upon  the  faunas 
of  ancient  seas,  for,  in  the  instance  of  Wales,  the  neat  eruptions  that 
occurred  during  the  epoch  of  the  deposition  of  the  succeeding  Bala 
beds  did  not  materially  afiPect  the  population  of  the  oceanic  area  in 
which  th^  broke  out.  For  my  part  I  am  strongly  inclined  to  think 
that  the  mfluence  of  volcanic  outbursts  upon  life  throu^  the  de* 
structive  agency  of  the  products  of  eruptions  has  often  oeen  over- 
rated. Igneous  overflows,  showers  or  ashes,  and  exhalations  of 
deleterious  vapours  are  necessarily  destructive,  but  as  necessarity 
local,  and  scaimy  likely,  arguing  at  least  from  all  cases  of  which  we 
have  sufficient  Imowledge,  to  extinguish  the  fauna  and  flora  of  a 
whole  natural-histoiT  province,  much  less  of  many  provinces.  But 
they  are  the  certain  mdications  of  far  more  powerful  though  less  con* 
spicuous  and  less  traceable  enemies  of  life.  They  are  often  the 
indices  of  epochs  of  excessive  disturbances  of  the  earth's  crust,  and 
of  elevations  and  depressions  of  the  surfietce  of  the  sea-bed.  Changes 
of  level  and  consequent  changes  of  surrounding  conditions,  even  to 
the  extent  of  change  of  memum,  are  the  great  life-extingiJUsherB. 
The  d^pree  of  substitution  in  an  ancient  fauna  should  rather  be 
accepted  as  an  evidence  of  the  extent  of  the  movements  that  have 
taken  place  during  an  age  of  volcanic  energy,  than  as  ameasoreof 
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the  intensity  of  the  local  outhursts,  the  products  of  which  at  first 
glance  seem  to  us  the  most  efficient  engines  of  destruction.  It  is  not 
the  ferocity  of  hattles,  hut  the  organic  changes  among  nations  that 
afford  us  die  measure  of  value  or  importance  of  a  great  war. 

The  fourth  and  uppermost  division  of  M.  Barrande*s  Lower  Silu- 
rians is  his  "  Etage  D  ;"  strata  chiefly  composed  of  quartzites  with 
schistose  alternations.  Cephalopoda  represented  hy  Orthoceras,  Pte- 
ropoda  hy  Conularia  and  Pugiunculus,  Heteropoda  by  Belleropkon, 
Gasteropoda  by  Pleurotomaria  and  Holopea,  Acephala  by  Avicula 
and  Nucula,  Brachiopoda  by  Orbicular  Lingula,  Spirifer,  Leptana, 
and  Terebratula ;  also  Crinoids,  Cystideans,  Starfishes,  and  a  few 
Corals  and  Graptolites  make  up,  with  Trilobites,  the  fauna  of  this 
group  in  Bohemia.  Trilobites  and  Cystideans  prevail  above  all  other 
forms,  and  it  is  in  this  zone  that  the  former  (and  the  latter  probably 
also)  attain  their  maximum.  This  fact  has  a  strong  significance  in 
its  bearing  on  the  hypothesis  concerning  the  relation  of  Paleeozoic  life 
to  the  life  of  all  after-periods  which  I  shall  hereafter  bring  out  in  this 
discourse.  The  assemblage  of  animals  found  in  this  stage  of  quartzites 
constitute  M.  Barrande's  second  fauna.  He  compares  the  stage  with 
our  Uandeilos  and  Caradocs,  with  the  Lower  Silurians  of  Ireland, 
Russia,  France,  Spain,  Portugal,  and  Thuringia,  the  regions  C  and 
D  of  M.  Angelin  in  Sweden  and  Norway,  and  the  formations  from 
the  Potsdam  sandstone  to  Hudson's  River  group  inclusive,  of  the 
United  States.  The  great  geographical  diffusion  of  its  fauna  is  in 
accordance  with  its  vertical  extent.  But  though  widely  diffused  as  a 
weU-marked  fauna,  exhibiting  everywhere  a  characteristic  and  easily- 
recc^nized  fades,  the  species  are  by  no  means  universally  diffused, 
and  the  resemblance  between  distant  regions  is  maintained  rather  by 
representation  than  by  identical  forms :  thus  early  in  the  world's 
h&tory  do  we  find  the  partitioning  of  the  earth's  surface  into  natural- 
Wstoiy  provinces.  More  and  more  evident  does  it  become  every  day 
that  the  old  notion  of  a  universal  primaeval  fauna  is  untenable,  and 
that  at  all  epochs,  from  the  earliest  preserved  to  us  to  the  latest, 
there  were  natural-history  provinces  m  geographical  space.  And 
indeed,  if  we  consider  for  a  moment  upon  what  causes  the  existence  of 
these  provinces  depends,  how  they  are  not  the  mere  results  of  various 
cHmatal  conditions  only,  but  are  regulated  in  their  extent  in  the  sea 
bv  orographical  and  hydrographical  conditions,  and  on  the  land  by 
t&e  inequalities  and  arrangement  of  the  surface,  and  thus  call  to 
mind  that  the  vast  and  varying  sedimentary  accumulations,  found  at 
every  epoch  in  great  mineral  dissimilarity,  necessarily  indicate  the 
existence  of  those  very  inequalities  and  peculiarities  on  sea  and  on 
land  that  determine  the  existence  and  extent  of  geographical  pro- 
vince and  limit  the  diffusion  of  animal  and  vegetable  species,  it  seems 
stramze  to  us  how  the  notion  of  the  universal  diffusion  of  a  uniform 
specific  fauna  could  ever  have  been  accepted  for  a  moment,  even  as 
an  d  priori  hypothesis.  It  was  imperfect  recognition  of  the  phse- 
nomena  of  fades  in  time,  that  beautiful  idea  that  first  seems  to  have 
dawned  on  the  mind  of  Von  Buch,  which  appears  to  have  given  rise 
to  the  error. 
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In  one  of  the  subdiTisions  of  this  "  Etage  D*'  of  his  Lower  Sila- 
rian?,  M.  Barrande  describes  the  occurrence  of  isolated  patches,  as  it 
were,  of  fossiliferous  strata,  the  population  of  which  consists  not  of 
Lower  Silurian  fossib,  but  of  organic  remains  characterbtic  of  the 
.Upper  Silurian.  M.  Barrande  designates  these  assemblages  by  the  ap- 
pellation of  "  colonies."  This  colonial  fauna,  becoming  extinguished 
after  a  short  existence,  does  not  reappear  until  after  the  extinction,  by 
trappean  eruptions,  of  the  normal  fauna  of  the  epoch,  and  the  cessa- 
tion of  the  formations  amid  which  the  colony  is  an  intruder.  In  these 
colonies,  he  states,  there  are  as  many  as  63  species,  of  which  4  are 
exclusively  peculiar,  2  (viz.  IVinucleus  omatus  and  Dafmanitet 
MociaUs)  common  to  the  colonies  and  the  true  fauna  of  the  beds  in 
which  they  are  intercalated,  and  57  common  to  the  colonies  and 
third  fauna,  or  that  of  the  lowermost  section  of  his  Upper  Silurians. 

This  doctrine  of  colonies  is  original  with  M.  Barrande  and  demands 
our  serious  consideration.  It  is  one  that  materially  affects  the  value 
of  the  evidence  of  organic  remains  as  determining  the  age  and 
sequence  of  formations.  The  proposition  that  it  involves  asserts  the 
introduction  of  a  group  of  species  that  experience  has  shown  nor- 
mally to  belong  to  a  later  and  distinct  formation,  not  merely  among 
and  mixed  with  the  fauna  of  an  earUer  stage,  but  amid  and  separate 
from  that  fauna.  We  can  conceive,  indeed  we  have  ample  proofs  in 
many  instances,  of  the  fact  of  the  appearance  of  many  species  earlitf 
in  one  geographical  region  than  another,  and  we  can  understand  how 
under  temporary  favouring  circumstances  any  one  or  a  number  of 
such  species  might  be  laterally  diffused,  so  as  for  a  time  to  become  a 
component  part  of  the  fauna  of  a  neighbouring  region,  at  an  epoch 
previous  to  that  in  which,  afler  having  for  a  time  retired,  they 
returned  to  play  a  more  conspicuous  and  characteristic  part  in  a  later 
formation.  But  in  any  such  instance  they  would  be  mingled  with 
the  ordinary  inhabitants  of  the  region  they  colonized.  Yet  we  can 
scarcely  conceive  a  colony,  composed  entirely  of  strangers  and  of 
species  known  in  beds  of  a  later  epoch,  only  in  the  exclusive  associa- 
tion presented  by  their  being  intercalated  without  admixture  in  the 
midst  of  an  earlier  fauna.  On  the  other  hand,  in  a  disturbed  Silurian 
country,  where  the  strata  lie  at  very  high  angles,  and  where  there  are 
probably  numerous  convolutions,  contortions,  and  rollings  of  the  beds, 
there  is  a  probability  of  the  occurrence  of  overturns  and  truncated 
crumplings,  that  until  traced  out  would  cause  the  appearance  of  strata 
contaming  newer  fossils  lying  under  and  amid  those  containing  older 
ones.  Such  deceptive  appearances  are  not  unfrequent  in  the  Alps, 
and  some  well-known  cases  occur  in  our  own  country.  With  these 
instances  vivid  in  our  memory,  I  feel  warranted  in  objecting  to  a 
theoiT  which  seems  to  me  as  dangerous  as  it  is  ingenious,  and  ask 
first  for  the  minute  local  details  of  the  course  of  the  Silurian  beds  in 
Bohemia,  before  accepting  a  doctrine  so  repugnant  to  received  beUef. 

M.  Barrande,  it  is  true,  endeavours  to  snow  most  ingeniously  that 
the  currents  which  determined  the  immigration  of  his  colonies  came 
from  the  N.E.,  and  that  the  fauna  of  his  Upper  Silurians  arrived  by 
the  same  direction ;  whereas  the  fauna  of  the  Lower  Silurians  of 
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Bohemia,  if  not  created  in  place,  arrived  bj  currents  baying  tbeir 
orig;in  in  tbe  S.W.  If,  however,  as  now  suggested,  contortions  of  the 
strata  have  deceived  this  able  observer,  an  argument  of  this  kind  can 
have  no  weight. 

Of  the  four  sta^^  of  Upper  Silurians  in  Bohemia,  the  three  lower 
divisions  are  typically  calcareous,  and  the  culminant  section  schistose. 
The  lowermost  has  a  base  consisting  of  traps  alternating  with  black 
slates  containing  Graptolites,  and  including  occasional  concretionary 
Hmestones.  It  attains  a  thickness  of  not  more  than  900  feet,  but  has 
a  fauna  superlatively  rich  and  prolific  in  fossil  treasures.  Between 
500  and  600  species  of  organic  remains  have  been  collected  in  this 
formation.  In  it  is  founa  the  maximum  number  of  species  of  Tri- 
lobites,  no  fewer  than  78 ;  and  several  genera,  including  Harpes, 
Branteus,  and  Proeius,  appear  for  the  first  time  in  Bohemia.  Cephas 
lopoda  abound ;  as  many  as  200  species,  of  which  half  are  Orthocerata, 
have  rewarded  the  collector.  AscoceraSy  Gomphoceras,  and  Phrag- 
moceraa  are  the  characteristic  types.  Grasteropods,  Lamellibrancbs, 
and  Brachiopods  are  numerous,  and  there  are  not  a  few  Zoophytes. 

The  second  or  middle  stage  of  Upper  Silurian  limestones  presents 
a  decreasing  fauna,  but  at  the  same  time  exhibits  the  maximum  of 
Bracbiopoda.  Bryozoa  and  Tentaculites  appear,  and  Cephalopoda 
rapidly  diminish  in  numbers. 

Between  the  third  or  upper  stage  of  these  limestones  and  the  last 
there  is  a  gradual  passage,  and  in  these  fishes  commence  and  Brachio- 
pods have  become  rare.  A  considerable  number  of  species  in  this 
division  are  enumerated  as  common  to  it  and  the  two  laist. 

In  the  uppermost  stage  of  culminating  schists  the  community  of 
species  is  reduced  to  two  Trilobites,  and  the  entire  fauna  is  poverty- 
stricken.  Traces  of  vegetables  indicate  some  considerable  changes 
in  the  conditions  of  the  sea-bed. 

The  four  upper  stages,  constituting  in  their  aggregate  the  Upper 
Sflurians  of  Bohemia,  contain  a  fauna  (the  third  &una  of  Barrande), 
which,  as  a  whole,  is  regarded  by  its  describer  as  of  equal  importance 
with  the  first  orprimordial  fauna,  and  the  second  or  chief  Lower 
Silurian  fauna.  The  strongest  relations  of  identity  of  species  between 
the  Bohemian  Silurians  and  those  of  other  regions,  are  exhibited  by 
the  third  or  Upper  Silurian  fauna.  A  curious  point  concerns  the 
second,  vis.  that  it  is  represented  in  France  not  only  by  the  same 
genera  but  also  by  identical  species,  whilst  in  England  and  Sweden  it 
IS  represented  by  the  same  generic  types  and  a  great  analogy  of 
distinct  specific  tonus.  Of  the  different  classes  of  animals  it  would 
appear  that  but  few  Crustacea  are  common  to  other  countries,  whilst 
the  Cephalopoda,  Bracbiopoda,  and  Corals  are  widely  difiiised.  The 
evidences  ot  communication  between  the  Silurian  series  of  different 
regions  are  clearly  indicated,  and  everywhere  the  distinction  between 
bis  three  great  faunas  is  maintained  by  M.  Barrande  to  be  plainly 
exhibited.  At  the  same  time  he  pronounces  definitely  for  the  unity 
of  the  Silurian  group  as  a  well-characterized  whole. 

1  would  now  call  attention  to  the  results  of  his  inquiries  into  the 
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distribution  of  Trilobites,  and  its  bearings  on  the  view  of  the  arrange- 
ment and  phsenomena  of  the  Silurian  formations,  as  stated  aboTe. 

Out  of  45  ffenera  of  these  typically  Silurian  Crustaceans,  35  are 
Bohemian,  and  of  the  10  that  are  not  so,  2  (viz.  Olenus  and  Pelhtra) 
belong  to  the  primordial  fauna,  not  exclusively  however,  for  Olenut, 
in  our  country,  ascends  higher  in  the  series.  Of  the  second  fauna, 
6  genera  are  not  Bohemian.  And  out  of  the  entire  list  7  genera  have 
been  recc^nized  only  in  Bohemia.  Of  the  species  of  Tnlobites,  the 
number  (£aracterizing  each  of  the  stages  goes  on  increasing  fix>m  the 
primordial  fauna  to  the  lower  portion  of  the  Upper  Silurians,  but  one 
n>ecies  only  is  common  to  as  many  as  four  of  his  stages,  and,  a  fact 
tnat  is  worthy  of  notice,  varies  in  each.  The  causes  of  destruction 
of  species  are  not  always  clear.  M.  Barrande  attributes  due  influence 
to  pnysical  changes  as  r^ulatins  thdr  duration,  but  I  must  strongly 
protest  against  his  behef  m  the  aoctrine  of  a  limited  vitahty  for  each 
species  ("  une  quantity  limits  de  force  vital"),  so  that,  independent 
of  all  other  circumstances,  each  race  will  necessarily  become  extinct 
after  a  certain  li^se  of  time.  I  have  elsewhere  exposed  the  groundless 
fallacy  of  this  pernicious  hypothesis, — a  favourite  one  wiUi  palseon- 
tologists,  although  it  can  find  but  few  physiologists  to  give  it  support. 
A  curious  remark  is  made  by  M.  Barrande,  that  the  species  of  the 
more  ancient  epochs  appear  to  have  been  more  prolific  than  those  of 
lat«r  ages, — a  remark  doubtless  suggested  by  local  phsenomena. 

When  commenting  on  the  general  distribution  of  Trilobites  in 
PdKOXoic  rocks,  M.  Barrande  ^dls  attention  to  the  fact,  that  of  the 
44  Silurian  graera,  three-fourths  do  not  range  upwards  above  the 
Upper  Silurian  stages ;  1 1  reach  the  Devonian  epoch,  with  notable 
diminution  of  specific  richness,  and  one  only  is  found  in  Carboniferous 
rocks.  The  generic  maximum  of  Trilobites  is  concentrated  in  the 
Lower,  the  specific  maximum  in  the  Upper  Silurians.  The  direction 
of  the  development  of  the  Trilobites  is  as  clearly  backwards,  so  to 
speak,  in  time,  as  that  of  the  Malacostraca  is  forwards.  The  same 
remark  may  be  made  on  the  Brachiopoda  as  contrasted  vrith  the 
LameUibranchiata,  and  the  Nautiloida  as  contrasted  with  the  Ammo- 
nitoida.  On  these  oppositions  I  shall  have  more  to  say  at  the 
termination  of  this  discourse.  Most  worthy  of  remark  is  the  fact 
confirmed  by  M.  Barrande,  that  the  geological  position  of  a  species 
in  one  region  is  not  necessarily  that  which  it  holds  in  another.  This 
observation  is  independent  of  his  colonial  theory.  Thus  certain 
Trilobites  are  commcm  to  the  second  and  third  faunas  in  Englaod 
that  are  confined  to  mie  horizon  in  Bohemia,  and  others  that  are 
members  of  the  Lower  Silurian  only  in  the  British  islands,  are  present 
in  the  Upper  Silurian  only  in  Bohemia. 

An  interesting  point  is  the  anamorphosis  or  change  of  characters 
within  genera  in  toenr  course  through  time.  M.  Barrande^s  remarks 
on  this  matter  are  highly  original  and  deserving  of  study.  As 
instances  among  Trilobites,  I  mtLj  dte  the  dianges  in  the  course  of 
the  grand  suture;  the  progressive  development  of  the  eyes;  the 
redift^ion  of  the  thorax ;  theincreaseof  the  caudal  shidd;  the  diange 
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in  the  ornaments  in  the  test,  striation  mainly  preceding  granulation. 
Features,  however  insignificant,  of  this  kind  chiefly  give  a  distin- 
guishing fades  to  the  fauna  of  an  epoch.  Well  was  it  said  by  Yon 
Buch,  that  "  the  smallest  difference  acquires  Talue  by  constancy." 

1  shall  not  attempt  an  analysis  of  the  elaborate  general  zoological 
division  of  M.  Barrande's  work,  or  of  the  complete  treatise  on 
Trilobitic  species  that  follows  it.  Suffice  to  say,  that  no  student 
of  Crustacea  can  be  absoWed  from  a  close  perusal  of  this  most  admi- 
rable monograph,  and  that  every  Silurian  geologist  should  endeavour 
to  understand  and  master  its  luxuriant  details.  In  justice  to  the 
author,  there  is  one  section  of  this  part  of  his  work  that  cannot  be 
passed  without  a  remark,  and  that  is,  his  chapter  concerning  the 
metamorphoses  and  modes  of  existence  of  Trilobites. 

For  years,  ever  since  1828,  palaeontologists  have  dreamt  of  Tri- 
lobitic metamorphoses,  and  some  have  pronounced  definitely  for, 
some  as  definitely  against,  the  probabihty  of  the  Trilobite  under- 
going changes  in  the  course  of  its  existence  as  an  individual.  The 
full  discovery  and  statement  of  the  fact  was  reserved  for  Barrande  in 
1849.  In  the  same  year  Mr.  Salter  showed  that  the  young  indivi- 
duals of  Ogygia  Portlockii  presented  4-7  segments,  and  finally  8. 
Milne-Edwards  and  Burmeister,  naturalists  thoroughlv  versed  in 
the  history  of  living  Crustacea,  had  previously  speculated  freely 
from  analogy  on  the  probabihty  of  their  transformations.  M.  Bar- 
rande in  the  work  before  us  demonstrates  a  metamorphosis  in  no 
fewer  than  16  genera  and  28  species.  The  degree  of  change  is 
variable ;  its  intensity  comparable  with  the  pheenomenon  in  existing 
Crustacea.  The  successive  and  progressive  elaboration  of  all  the 
elements  in  the  pygidium  before  becoming  free  and  passing  into  the 
thorax,  holds  good  in  all  known  metamorphosing  Trilobites.  The 
number  of  species  in  which  a  change  has  been  proved  diminishes  as 
we  ascend  in  time.  Among  other  points  M.  Barrande  has  made  out 
the  probable  eggs  of  these  animals.  As  to  their  mode  of  life  he 
opposes  the  conclusion  of  Burmeister  and  others,  that  Trilobites 
hved  in  shallow  water  along  the  coast ;  and  distinctly  pronounces 
against  the  supposition  of  their  parasitic  nature. 

The  Geology  of  the  British  Isles. 

The  well  and  often  explored  mine  of  British  geology  has  not  yet 
been  worked  out,  and  there  are  still  rich  lodes  to  discover,  as  well  as 
old  workings,  that  yield  profitable  returns  when  re-examined.  Our 
Journal  has  had  its  full  and  usual  share  of  papers  on  British  strata 
during  the  past  year,  and,  judging  from  what  I  know  of  memoirs  in 
hand,  the  coming  sessions  are  ukely  to  be  quite  as  well  provided  for. 

Our  Paleeozoic  rocks  have  received  their  usual  share  of  attention. 
Old  though  they  be,  they  are  as  attractive  as  ever,  and  their  warmest 
admirers  during  preceding  years  remain  constant  to  their  antiquated 
yet  ever  fresh  charms.  The  often  discussed  question  of  their 
classification  has  been  made  the  subject  of  a  communication  by  Pro- 
fessor Sedgwick  to  the  Geological  Section  of  the  British  Associa- 
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tion  at  Hiill,  explanatory  of  his  riews  concerning  the  nomencUtare 
of  the  Primary  formations.  The  division  of  the  Palaeozoic  strata 
into  an  Upper,  Middle,  and  Lower  series  is  a  natural  classification, 
although  some  may  prefer  a  twofold  instead  of  a  threefold  partition. 
The  question  concerning  the  appellations  to  he  eiven  to  the  suhdivi- 
sions  of  these  three  sections,  is  one  which  will  m  the  end  be  deter- 
mined by  custom  and  the  authority  of  general  use.  Convenience 
is  eventuaUy  the  settler  of  all  differences  about  nomenclature,  and 
even  in  Zoology  and  Botany,  sciences  in  which  many  definite  rules 
are  observed  with  laudable  strictness,  convenience  every  now  and 
then  overrides  all  our  arbitrary  regulations.  Professor  Sedgwick 
had  previously,  during  the  course  of  our  last  session,  communicated, 
in  association  with  Professor  M'Coy,  certain  views  of  consequence 
concerning  a  proposed  subdivision  of  the  Caradoc  sandstones,  which 
demand  a  special  notice  on  account  of  their  importance,  and  because 
there  have  been  more  than  one  paper  on  this  subject  lately  read  be- 
fore the  Society.  The  result  of  these  inquiries  on  the  part  of  several 
observers  is  to  place  the  relations  of  the  Caradoc  sandstone  in  a 
clearer  light,  both  as  to  strata  above  and  those  below  it. 

The  Caradoc  was  originaUy  considered  by  Sir  Roderick  Murchison 
as  the  sandy  and  upper  portion  of  the  Lower  Silurian  strata.  The 
rocks  east  of  Caer  Caradoc  presented  the  best  types,  and  those  shown 
in  ascending  sections  through  what  are  generally  called  "  the  Penta- 
merus  beds,"  to  the  Upper  Silurian,  and  the  arenaceous  masses  which 
occupied  this  position  in  the  Malvern  and  May  Hill  districts,  were 
considered  by  the  founder  of  the  Silurian  system  to  be  equivalents  of 
at  least  a  part  of  this  series,  while  they  graduated  into  the  Wenlock 
shale. 

But  while  our  Caradoc  sandstone,  so  constituted,  contained  in 
some  parts  numerous  fossils  that  were  Llandeilb  species,  in  its  upper 
portion  it  was  supposed  to  contain  these  species  mingled  with  the 
characteristic  Pentameri.  In  America  the  latter  fossils  were  found 
associated  only  with  species  characteristic  of  the  Upper  Silurians,  and 
the  group  of  strata  containing  this  assemblage  appeared  to  be  cut  off 
distinctly  from  the  underlying  Llandeilo  rocks. 

The  unravelling  of  this  anomaly  is  in  part  due  to  Professor  Sedg- 
wick, and  in  part  to  the  officers  of  the  Geological  Survey.  In  a  com- 
munication contained  in  the  fourth  volume  of  our  Journal,  Mr.  Ram- 
say and  Mr.  AveUne  have  shown  that  the  Pentamerus  beds  around 
the  Longmynd  repose  unconformably  upon  the  Llandeilo  flags,  whilst 
they  graduated  upwards,  as  Sir  Roderick  Murchison  had  stated,  into 
the  Wenlock  shale.  But  here  only  the  upper  part  of  the  Caradoc 
was  developed,  and  this  portion  contained  but  few  of  the  Lower  Silu- 
rian species.  In  a  subsequent  paper  in  our  eighth  volume,  the  phy- 
sical connection  of  the  Upper  Caradoc  with  the  base  of  the  Wenlock 
shale  was  definitely  and  fully  stated.  In  the  meantime,  and  quite 
independently,  Professors  Sedgwick  and  M'Coy  examined  the  Cara- 
doc beds  of  May  Hill  and  the  Malvems,  and  became  convinced  that 
these  beds,  containing  as  they  did  only  Upper  Silurian  species,  must 
be  regarded  as  the  base  of  the  Upper  Silurians,  and  that  the  Caradoc 
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sandstone,  as  then  understood,  comprised  two  distinct  formations ; 
that  east  of  Caer  Caradoc  (Horderly,  &c.)  being  equivalent  to  the 
Bala  rocks,  while  the  group  of  May  Hill,  and  probably  the  Coniston 
grits  of  Westmoreland,  should  be  associated  with  the  Wenlock  and 
Ludlow  series. 

It  became  necessary  for  the  officers  of  the  Survey  to  test  these 
views  by  an  appeal  to  the  county  originally  described,  viz.  Shrop- 
shire. The  result  of  their  labours  is  reported  by  Mr.  Salter  and 
Mr.  Aveline,  who  undertook  the  task,  in  the  first  part  of  our  tenth 
volume.  They  have  shown  that  Professor  Sedgwick's  view  is  sub- 
stantially correct,  and  that  the  typical  district  contains  not  only 
the  equivalents  of  the  Bala  and  Llandeilo  rocks,  but  also  the  upper 
portion  of  the  Caradoc,  l3dng  unconformably  on  the  lower,  and  every- 
where characterized  by  the  Pentaraeri,  and  full  of  Upper  instead  of 
Lower  Silurian  species.  These  latter  strata  are  therefore  the  exact 
equivalents  of  the  May  Hill,  &c.  beds.  But  although  these  rocks 
are  thus  evidently  brought  into  a  nearer  comparison  with  the  '  Clin- 
ton group'  of  North  America  and  with  the  Pentamerus  beds  of 
Russia,  they  are  still  r^arded  by  the  Government  surveyors  as 
forming  a  bed  of  passage  from  the  Lower  to  the  Upper  Silurians,  in- 
asmuch as  several  species  which  characterize  the  Lower  Silurians  are 
common  in  them,  and  especially  since  their  distinguishing  fossils, 
the  Pentameri  andAtrypse,  are  found  in  certain  portions  of  the  Llan- 
deilo flags,  but  are  not  known  to  rise  into  the  overlying  Wenlock 
strata.  They  propose  to  retain  the  name  of  *'  Caradoc  sandstone  '* 
for  these  beds. 

This  evidence  of  intermixture  of  fossil  species  has  received  unex- 
pected confirmation  from  America.  In  the  second  part  of  his  *  Palse- 
ontology  of  New  York,'  Professor  Hall  has  announced  the  fact,  that 
a  few  of  the  most  characteristic  of  the  fossils  of  the  Trenton  lime- 
stones are  now  found  in  the  upper  part  of  the  Medina  sandstone,  a 
formation  as  intimately  connected  with  the  Clinton  group,  as  in  our 
own  country  the  conglomerates  that  skirt  the  Longmynds  are  with 
the  overlying  Pentamerus  limestones  and  shales,  and  the  analogy  of 
these  beds  in  the  two  continents  is  therefore  complete. 

Of  the  vast  thickness  and  striking  geognostic  phaenomeua  of  our 
Lower  Silurians,  a  concise  but  clear  and  most  interesting  statement  is 
presented  in  Prof.  Ramsay's  paper  "  On  the  Physical  Structure  and 
Succession  of  the  Lower  Palaeozoics  of  North  Wales  and  part  of  Shrop- 
shire"—  the  prodromus  of  a  more  extensive  memoir,  now  in  prepara- 
tion. These  rocks,  in  the  region  described,  include  the  prodigious 
amount  of  42,000  feet  of  apparently  conformable  strata,  including 
the  Cambrian,  in  the  sense  in  which  the  term  is  used  on  the  maps 
published  by  the  Geological  Survey,  —the  Lingula  and  Bala  series, — 
and  the  Caradoc  sandstone.  The  grand  facts  of  Silurian  Geology 
will  soon  be  presented  in  a  complete  and  consistent  picture  by  Sir 
Roderick  Murchison,  whose  forthcoming  work  is  anxiously  expected, 
and  is  sure  to  fulfil  all  our  anticipations. 

The  attention  bestowed  upon  the  Older  Palccozoics  of  England  has 
not  of  late  been  extended  to  the  Middle  and  Upper.     Through  the 
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kindness  of  my  colleague,  Professor  Ramsay,  however,  I  am  enabled 
to  notice  an  important,  though  as  yet  unpublished,  contribution  to 
the  geology  of  the  Permian  districts  of  the  Midland  Counties,  one 
with  considerable  economic  bearings. 

In  all  existing  published  maps  the  actual  upper  limit  of  the 
Permian  rocks  south  of  Derby  and  North  Staffordshire  is  merely 
guessed  at.  These  beds  are  often  inserted  where  they  do  not  exist, 
and  omitted  over  large  areas  where  they  should  be  inserted. 

They  have  now  been  clearly  mapped  and  accurately  defined  around 
the  Tamworth,  the  Coalbrook  Dale,  the  Forest  of  Wyre,  the  Shrews- 
bury, and  part  of  the  North  Wales  coal-fields.  A  large  area  has  in 
consequence  been  taken  from  the  supposed  Bunter  sandstone  and 
mapped  by  Mr.  Ramsay  and  Mr.  Howell  as  belonging  to  the  Per- 
mian rocks  in  the  country  lying  between  Tamworth  and  Leamington, 
in  part  of  which,  at  Exhall,  a  Permian  Calamite,  and  casts  of  diells 
having  Permian  affinities,  have  been  found;  by  these  means,  then,  geo- 
logists have  been  able  to  support  paleeontologically  what  previously 
was  maintained  by  Professor  Ramsay  on  purely  physical  grounds. 
These  facts  are  also  important,  since  they  prove  that  the  Labyiinth- 
odon  described  by  Dr.  Lloyd  in  the  Reports  of  the  British  Associa- 
tion (Birmingham)  1849,  is  a  Permian  reptile,  and  not,  as  he  sup- 
posed, from  the  Bunter  sandstone. 

Through  the  course  of  last  year*  important  additions  have  been 
made  to  our  knowledge  of  the  Bunter  sandstone,  by  working  it  out 
in  four  subdivisions  in  the  districts  that  he  between  Chester,  the 
Abberleys,  Warwick  and  Nottingham.  Over  large  parts  of  this  area 
there  is  found  to  be  great  constancy  in  the  lithological  character  of 
these  divisions,  and  by  their  aid  the  surveyors  have  been  enabled 
to  determine  numerous  faults  hitherto  unknown,  which  frequently 
repeat  the  same  strata  for  many  miles. 

The  supposed  thickness  of  the  New  Red  Sandstone  will  conse- 
quently be  much  reduced  in  places,  and  this,  taken  in  connection  with 
accurate  measurements  of  the  extent  and  thickness  of  the  Permian 
strata,  may  at  no  distant  date  lead  to  important  economic  results,  in 
the  determination  of  the  depth  at  which  the  coal-measures  lie  under 
large  tracts  of  the  New  Red  Sandstone  area,  where  there  can  be  little 
doubt  that  it  will  by  and  by  be  successfully  sought  for. 

A  great  step  has  been  made  towards  an  explanation  of  some  of  the 
organic  phsenomena  of  the  Oolites  by  Professor  Morris,  whose  me- 
moir **  On  some  Sections  in  the  Oolitic  District  of  Lincolnshire," 
communicated  to  the  Society  in  June  last  year,  throws  new  and  valu- 
able light  on  the  relations  of  the  southern  to  the  northern  ooUtes  in 
England,  and  rectifies  several  misconceptions  about  the  comparative 
order  of  the  strata  in  different  districts.  As  this  paper,  one  of  the 
most  important  in  its  general  bearings  laid  before  us  during  the  past 
year,  is  printed  entire  in  our  Jounial,  I  shall  make  no  abstract  of  its 
details,  but  merely  offer  a  few  remarks  on  its  general  bearings. 

The  marine  faunas  of  the  Oolitic  epoch  indicate  at  least  three 
great  and  widely-spread  assemblages  of  types,  each  exhibiting  a  ge- 
neral and  easily  recognizable  facies.     These  aspects  may  be  termed 
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respectively  the  Liaasic,  the  Bathonian,  and  the  Oxfordian  ;  the  two 
latter  terms  hemg  used  for  want  of  better,  and  being  adopted  in  a 
wide  and  general  sense,  and  not  in  the  restricted  meaning  in  which 
th^  are  used  by  M.  Alcide  d'Orbignj.  The  horizon  of  change  of 
facies  at  the  boundary  between  each  is  a  horizon,  to  a  considerable 
extent,  of  change  of  species.  I  believe  that  every  year's  research  will 
make  it  more  and  more  evident  that  the  perishing  of  species  is  simply 
the  result  of  the  influence  of  physical  changes  in  specific  areas,  and 
depends  upon  no  law  of  inherent  limitation  of  power  to  exist  in  time. 
If  so,  we  should  expect  to  find  indications  of  tne  cause  of  the  greater 
changes  in  the  oolitic  and  marine  fauna  in  the  shape  of  strata  bearing 
evidence  of  a  wide-spread  change  of  physical  conditions  within  the 
great  oolitic  area.  An  extensive  change  of  species  within  a  marine 
area  in  all  likelihood  is  dependent  on  an  extensive  conversion  of  that 
area  into  a  terrestrial  surface. 

Now  it  is  becoming  more  and  more  clear  that  such  a  change  of 
condition  occurred  over  a  very  wide  area  in  the  interval  between  the 
main  mass  of  the  middle  and  upper  Jurassic  types.  The  researches 
of  Mr.  Morris  do  much  towards  completing  the  demonstration  of  the 
nature  and  extent  of  these  changes  m  the  area  now  occupied  by  the 
British  Islands,  and  it  will  be  seen  hereafter,  how,  even  as  far  away 
as  Italy,  we  have  clear  proofs  of  a  similar  change  of  conditions  about 
the  same  epoch.  Much  may  be  done  towards  clearing  up  the  details 
of  this  matter  by  more  extensive  and  care^l  investigations  of  the 
Scottish  oolites,  guided  by  the  light  that  is  opening  gradually  upon 
us.  Indeed  I  know  of  no  field  more  likely  to  yield  fresh  laurels  to 
the  British  geological  observer  than  the  thorough  exploration  of 
Scottish  secondary  geology. 

In  a  paper  by  Professor  Buckman,  publbhed  in  the  *  Annals  of 
Natural  History'  for  November  last,  aud  one  of  the  many  interesting 
contributions  to  British  geology  which  we  owe  to  that  active  assem- 
bly of  provincial  observers,  the  Cotteswold  Naturalists'  Club,  the 
Combrash  and  associated  strata  of  the  neighbourhood  of  Cirencester 
are  described  in  detail,  and  under  an  economical  point  of  view  not 
always  attended  to,  viz.  the  agricultural  value  of  the  soils  formed  by 
the  several  oolitic  rocks.  Through  the  predominance  of  phosphoric 
add  and  sulphate  of  lime  in  the  Combrash,  as  compared  with  the 
'  stone  brashes'  of  the  Great  and  Inferior  Oolite,  the  value  of  the 
soils  in  the  former  rock  is  considerably  greater,  as  shown  by  the 
analyses  of  Professor  Yoelcker.  Mr.  Buckman  presents  some  good 
(acts  concerning  the  distribution  of  fossils  in  these  beds,  and  enume- 
rates twenty-one  species  of  lamellibranchiate  bivalves  common  to  the 
Inferior  Oolite  and  Combrash  in  Gloucestershire,  and  rare  or  wanting 
in  the  Great  Oolite  of  the  district.  The  recurrence  of  the  species  in 
this  instance,  as  indeed  in  every  similar  case,  is  dependent  on  the 
recurrence  of  similar  conditions.  In  every  such  case  we  may,  d 
priori,  assume  that  the  intermediate  strata,  formed  under  different 
conditions,  somewhere  within  the  area  of  the  ancient  marine  region 
to  which  they  belong,  change  their  character,  putting  on  the  mineral 
aspect  and  containing  the  peculiar  fossils  of  the  superior  and  inferior 


Digitized  by 


Google 


xlii  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

beds.  Phenomena  like  those  recorded  by  Professor  Buckman  should 
therefore  serve  as  pilot  facts,  and  guide  us  to  fresh  discoTcries. 

The  upper  Mesozoic  rocks  of  Britain  have  been  of  late  lefl  undi^ 
turbed,  with  the  exception  of  that  very  moveable  and  problematical 
deposit,  the  sands  and  travels  of  Farringdon,  which  Mr.  Sharpe  would 
elevate  to  a  considerably  higher  position  in  the  cretaceous  series  than 
has  hitherto  been  assigned  them .  The  time  is  probably  fast  approach- 
ing when  the  conflicting  views  upon  this  disputed  question  will  be 
tested  by  fresh  data.  For  the  present  I  abstain  firom  taking  up  this 
critical  subject. 

Our  Tertiaries,  on  the  other  hand,  have  been  treated  with  much 
favour,  and  form  the  subject  of  several  memoirs,  at  the  head  of  which 
stands  Mr.  Prestwich's  account  of  the  Woolwich  and  Reading  series. 
This  paper  completes  the  series  of  memoirs  by  that  eminent  geologist 
descriptive  of  the  Lower  and  Middle  Eocene  strata  of  England. 
These  remarkable  essays  embody  the  results  of  many  years'  careful 
observation,  and  are  unexcelled  for  completeness,  minuteness  of 
detail,  and  excellence  of  generalization.  They  have  a  further  merit, 
and  a  very  great  one,  to  wit,  that  whilst  in  themselves  essentiallv 
local  and  topographical,  the  examination  of  the  British  strata  which 
they  profess  to  describe  has  been  conducted  pari  ptusu  with  per- 
sonal comparisons  and  examinations  of  corresponding  formations  on 
the  continent.  This  method  of  treatment,  broad  and  catholic  ux  its 
spirit,  has  made  the  essays  of  Mr.  Prestwich  as  useful  to  foreign  as 
to  British  geologists,  and  secured  for  their  author  a  European  renown. 
The  special  subject  of  the  last  of  these  papers  is  the  series  of  strata 
constituting  what  is  usually  known  as  the  Plastic  Clay  formation,  the 
mutual  relations  of  whose  several  local  beds  had  never  been  clearly  de- 
termined, and  the  relativepositionof  thebeds  of  the  Recul  vers  and  Heme 
Bay  to  those  of  Woolwich  and  Reading  were  quite  unsettled.  This 
condition  of  things  can  be  said  to  exist  no  longer,  and  we  have  now, 
instead  of  confusion  and  uncertainty,  a  clear  statement  and  correlation 
of  the  local  pheenomena  at  numerous  points,  with  a  thorough  revision 
of  the  lists  of  organic  remains,  and  most  interesting  generalizations 
respecting  the  geographical  and  dynamical  changes  that  affected  the 
area  during  the  epoch  under  review.  Since  the  memoir  is  printed  at 
length  in  the  first  number  of  our  Journal  for  1854<,  I  need  attempt 
no  detailed  analysis  here,  or  enter  upon  the  many  important  questions 
and  suggestions  that  are  in  it  discussed. 

It  has  been  my  own  lot  to  investigate  the  fluvio -marine  series  that 
terminate  the  Eocenes  in  the  Hampshire  basin,  and  to  lay  before  you 
a  preliminary  statement  of  the  results  at  which  I  have  arrived.  The 
demonstration  that  a  considerable  and  hitherto  unplaced  portion  of 
these  beds  in  the  Isle  of  Wight  represents  the  Limburg  series  of 
Belgium  and  the  Upper  Eocene  or  Lower  Miocene  of  France,  as  well 
as  other  continental  formations,  of  which  we  were  supposed  to  have 
no  eouivalent  in  England,  will,  I  trust,  prove  acceptable  to  all  who 
take  mterest  in  Tertiary  geology.  Since  I  communicated  my  paper  to 
the  Society,  I  have  revisited  and  carefully  re-examined  the  fluvio- 
marines  of  Hempstead  and  those  west  of  Yarmouth ;  also  the  sections 
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at  Cowes  and  Osborne.  At  the  latter  locality,  and  there  alone,  the 
peculiar  series  to  which  I  gave  provisionally  the  inconvenient  name  of 
St.  Helens,  form  a  part  of  the  surface  of  the  island,  so  as  to  admit 
of  being  delineated  on  the  map,  for  which  reason  I  would,  in  ac- 
cordance with  the  remainder  of  my  nomenclature,  designate  them  by 
the  name  of  the  district,  and  style  them,  in  preference,  the  Osborne 
Series.  Here  also,  in  consequence  of  a  considerable  fault  that  runs 
in  the  course  of  the  Medina,  the  Headon  beds  proper  are  brought  up 
ou  the  shore  at  East  Cowes.  A  visit  to  the  French  tertiaries  during 
last  autumn  has  gone  far  to  confirm  the  scheme  of  continental 
equivalents  that  I  submitted  to  the  Society,  and  the  view  which  I 
maintained  of  the  essentially  Eocene  affinities  of  our  Hempstead 
and  Bembridge  series.  I  am  incUned  still  to  maintain  that  our  suc- 
cession of  Middle  and  Upper  Eocenes  is  more  complete  and  continuous 
than  that  met  with  in  either  France  or  Belgium,  the  equivalents  of 
our  Bembridge  marls  and  Lower  Hempsteads  being  probably  de- 
ficient in  the  former  country,  whilst  those  of  our  Headon  series  are 
absent  in  the  latter.  It  is  through  the  over-estimated  value  assigned 
to  these  breaks  that  the  discordance  in  the  opinions  of  geologists  re- 
specting the  degree  of  relation  between  the  Middle  and  Upper  Eocenes 
in  a  great  manner  would  seem  to  depend. 

We  owe  to  the  Marchioness  of  Hastings  an  excellent  detailed  account 
of  the  Hordwell  fluvio-marine  section,  the  scene  of  the  diligent  re- 
searches during  several  years  of  that  distinguished  and  zealous  lady- 
geologist,  whose  contributions  to  British  eocene  palaeontology  have 
been  among  the  most  valuable  and  interesting  made  of  late  years. 

The  newer  tertiaries  and  superficial  deposits  have  received  of  late 
a  considerable  share  of  attention,  but  not  more  than  they  deserve. 
As  yet  we  are  scarcely  in  a  condition  to  generalize  upon  them  with 
safety,  but  are  evidently  fast  advancing  towards  that  desired  point. 
Minute  and  repeated  local  observations  constitute  the  soundest  data 
for  our  guidance.  Mr.  Trimmer,  who  for  years  has  devoted  a  con- 
siderable portion  of  his  attention  to  this  important,  though  not 
generally  attractive  department  of  geology,  has  communicated  several 
papers  to  the  Society,  among  which  that  constituting  the  third  part  of 
his  essay,  "  On  the  origin  of  the  soils  which  cover  the  Chalk  of  Kent," 
is  peculiarly  interesting  and  instructive.  Mr.  Morris  and  the  Rev.  Mr. 
De  la  Condamine  have  also  contributed  valuable  notes.  The  whole 
subject  may  be  reported  upon  as  in  progress,  and,  for  the  present,  I  re- 
serve my  comments.  In  the  mean  time,  I  would  strongly  urge  upon 
British  geologists  the  propriety  of  a  careful  comparison  of  the  phseno- 
mena  and  features  of  the  drifts,  gravels,  and  superficial  deposits  of 
our  southern  districts  with  those  of  the  neighbouring  provinces  of  the 
continent.  I  beheve  that  an  investigation  of  this  kind,  which  must 
be  done  personally,  since  continental  memoirs  scarcely  aiford  sufficient 
data  for  the  work,  would  tend  to  rectify  many  of  our  prevailing 
notions  respecting  their  deposits.  I  would  especially  suggest  a  fresh 
examination  of  the  fragments  of  older  and  igneous  rocks  met  with  in 
«ome  of  the  drifts  of  the  southern  half  of  England,  and  hitherto  too 
genendh'  assumed  to  be  of  northern  derivation.   There  are  sources  to 
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the  south  or  south-east,  from  whence  similar  rock-fragments  migbthaTe 
come,  and  from  whence,  indeed,  they  have  found  their  way  into  the 
gravels  that  he  beneath  the  probable  equivalents  of  our  northern  drift 
in  France.  The  consideration  is  at  least  worthy  of  notice  and  inquiry, 
the  more  so  since  there  are  anomaUes,  some  of  them  palceontologiciX 
which  at  present  tend  to  make  myself,  I  beheve  among  others,  in- 
clined to  object  to  the  usually  received  notions.  We  are  evidently  on 
the  eve  of  a  revival  of  the  study  of  what  used  to  be  called  '  diluvial ' 
deposits — one  in  which  I  trust  our  continental  brethren  will  take  more 
part  than  at  present  they  seem  inclined  to.  The  older  and  firmer 
strata,  rich  in  definite  sections  and  fossil  treasures,  doubtless  present 
greater  attractions  than  the  inconstant  charms  of  gravel  beds  and 
sand  pits,  which,  however,  if  perseveringly  studied,  are  sure  to  yield 
their  votaries  abundant  reward  and  ample  results. 

The  gravels  of  Yorkshire  and  Nottinghamshire  have  been  noticed 
by  the  Rev.  W.  Thorp,  in  a  paper  published  in  the  Proceedings  of  the 
West  Riding  Geological  and  Polytechnic  Society.  He  distinguishes 
three  sets  of  gravels  derived  from  different  transporting  currents, 
and  notices  the  existence  of  considerable  tracts  that  are  quite  bare. 
The  first  and  most  considerable  of  these  gravels  belongs  to  the  northern 
drift,  and  contains  fri^ments  of  rocks  now  in  ntu  in  Cumberland. 
It  reaches  considerable  elevations ;  masses  of  granite  from  Shap  Fells 
having  passed  over  Stanmoor  Forest  at  an  altitude  of  1400  feet,  and 
over  oolitic  hilb  1 500  feet  high,  down  to  the  east  coast.  The  second 
range  of  gravel  constitutes  in  one  place  a  narrow  tract,  from  one  to 
two  miles  in  breadth,  touching  the  northern  drift  near  the  river 
Humber,  and  extending  from  Leeds  by  Ferrybridge  to  Goole.  It 
contains  pebbles  derived  almost  wholly  from  sandstones  of  the  coal 
districts  ot  Yorkshire,  mingled  with  fragments  from  the  mountain 
Hmestone,  and  does  not  extend  much  north  or  south  of  the  valleys 
of  the  Aire  and  Calder.  Leeds  stands  upon  it.  The  direction  of 
the  transporting  current  was  from  west  to  east.  A  similar  east  and 
west  range  extends  from  Doncaster  to  the  south  bank  of  the  Humber» 
formed  of  coal  sandstone  pebbles,  mingled  with  others  from  the 
mountain  limestone  of  Derbyshire.  He  places  other  east  and  west 
graveb  composed  of  magnesian  limestone  pebbles  in  the  same  cate- 
gory. The  third  set  of  gravels  noticed  by  Mr.  Thorp  is  peculiar 
to  Nottinghamshire.  It  extends  uninterruptedly  southwards  firom 
Doncaster  to  the  town  of  Nottingham,  lying  on  the  back  of  the  new 
red  sandstone,  spreading  in  a  thickness  of  from  3  to  8  feet,  but  not 
present  on  very  abrupt  hill  sides.  South  of  Nottingham  and  Derby 
it  becomes  intermingled  with  the  northern  drift,  but  in  several  places 
is  capped  by  the  magnesian  limestone  graveb  of  the  second  set. 
This  third  gravel  contains  no  pebbles  derived  from  the  neighbouring 
strata,  but  is  almost  entirely  made  up  of  quartz  fragments,  smaller, 
more  even,  and  more  spherical  than  the  boulders  of  the  northern  drift. 
Their  drifting  currents  flowed  north  and  south.  Mr.  Thorp  main- 
tains that  this  gravel  constituted  the  ancient  sea-bottom  left  by  the 
waters  which  deposited  the  new  red  sandstone  itself.  The  gravek  of 
his  second  kind  he  believes  to  have  been  exported  from  the  York- 
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shire  coal-field  daring  the  epoch  of  emergence  of  the  British  area 
from  the  glacial  sea ;  the  waters  heing  driven  eastwards  down  the 
lines  of  Talley  which  formed  the  course  of  easiest  retreat.  The 
absence  of  gravels  in  many  districts  he  attributes  to  the  protecting 
influence  of  high  bluffs  of  land  to  the  north  of  these  bare  areas. 

The  leading  features  of  the  northern  drift  in  Yorkshire,  as  well  as 
the  other  geological  phsenomena  of  the  district,  are  sketched  in  a 
nueterlj  style  by  Professor  PhilHps,  in  his  lately  published  volume 
on  the  Mountains,  Rivers,  and  Coasts  of  his  native  county.  In  the 
geological  chapter  of  this  work,  the  subject  of  the  nomenclature  of 
epochs  is  considered,  and  a  scheme  of  terms  suggested,  founded 
chiefly  on  the  leading  organic  characters  of  each  section  of  time.  A 
very  neat  and  clear  map  of  the  geology  of  Yorkshire,  by  the  same 
emment  observer,  has  been  published  during  the  year,  and  is 
remarkable  for  being  printed  by  chromo-Uthography,  a  process  that 
is  fast  advancing  to  an  astonishing  degree  of  perfection.  And  here  I 
may  incidentally  congratulate  our  science  on  the  recent  appointment 
of  our  illustrious  associate  to  the  Professorship  of  Geology  in  the 
University  of  Oxford ;  one  that  confers  equal  honour  on  the  receiver 
and  the  givers.  In  this  instance  that  famous  school  of  learning  has 
endeavoured  earnestly  and  conscientiously  to  forward  the  true  in- 
terests of  science ;  and  every  geologist  in  the  world  will  applaud  the 
dioice.  A  University  that  has  boasted  for  ages  of  having  held  in 
especial  honour  our  great  master  in  Natural  Historjr,  Aristotle,  and 
that  now  possesses  magnificent  collections  in  all  its  departments, 
invaluable  for  study,  may  yet  become  a  favoured  home  of  Geology 
and  Biology. 

The  Geology  of  Scotland  has  not  received  many  descriptive  con- 
tributions daring  the  past  year.  One  of  the  most  interesting  is  the 
memoir  on  the  Granitic  district  of  Inverary,  in  Argyleshire,  read 
before  us  by  the  Duke  of  Argyll.  His  Grace  has  rendered  good 
service  to  the  geology  of  his  country  before,  for  to  him  we  owe  the 
discovery  of  its  older  tertiary  beds.  In  the  paper  he  has  now  given, 
he  deals  with  igneous  and  azoic  rocks.  The  chief  problem  which 
he  seeks  to  solve  in  the  district  under  description,  is  the  cause  of 
the  rerular  alternations  of  mica-slate  and  granite,  the  beds  of  which 
rocks  Be  conformable  to  each  other  at  a  considerable  angle.  After 
showing  the  insufficiency  of  any  other  mode  of  explanation,  the 
noble  aathor  ai^es  that  the  mica-slates,  already  completely  con- 
solidated and  metamorphosed,  fell  in  from  a  horizontal  to  an  inclined 
position,  and  by  falling  forced  the  molten  igneous  matter  between 
the  loosened  planes  of  stratification.  The  considerations  put  forward 
in  this  memoir  are  highly  worthy  of  attention,  and  it  is  to  be  hoped 
that  they  vrill  give  rise  to  not  a  few  minute  examinations  of  the 
crystalline  rocks  of  the  Highlands,  in  localities  where  similar  phseno- 
mena present  themselves. 

The  Silurians  of  the  south-west  of  Scotland  have  been  described  in 
detail,  so  fiur  as  Kirkcudbrightshire  is  concerned,  by  Professor  Hark- 
ness,  who  considers  these  beds  to  represent  successively  the  Llandeilo 
flags,  the  Oaradoc  sandstone,  and  the  lower  portion  of  the  Upper 
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Silurians.  The  scantiness  of  palaeontological  evidence  renders  the 
exact  determination  of  their  equivalents  peculiarly  difficult. 

In  Scotland  the  subject  of  glacial  pneenomena  continues  to  be 
discussed  and  investigated  vrith  unabated  interest.  Mr.  Robert 
Chambers  has  been  actively  engaged  in  the  collection  of  facts  con- 
cerninff  the  glaciation  of  Britain  and  the  attendant  pheenomena.  His 
views  have  Wn  communicated  at  some  length  to  the  Royal  Socie^ 
of  Edinburgh,  and  may  be  found  printed  at  fiill  in  the  fifty-fourtii 
volume  (for  1853)  0/  the  Edinburgh  Nevir  Philosophical  Journal. 
He  recalls  attention  to  the  evidences  of  the  presence  of  local  systems 
of  glaciers,  of  ordinary  and  typical  constitution,  in  the  mountain 
districts  of  North  Wales,  Cumbria,  and  Scotland,  and  notices  fresh 
instances  of  this  pheenomenon.  From  it,  however,  he  distinguishes 
the  evidences  of  what  he  considers  glacial  action  of  a  more  general 
kind,  manifested  in  Scotland  in  every  part  of  the  Highlands,  and  much 
of  the  Lowlands,  in  the  rounding,  smoothing,  and  striation  of  rocks, 
generally  in  the  line  of  valley,  and  also  in  elevations  to  as  much  as  2000 
feet  above  the  sea-level.  Professor  Ramsay  had  previously  demon- 
strated two  distinct  epochs  of  glaciers  in  North  Wales.  The  direction 
of  the  icy  agent  in  these  cases  Mr.  Chambers  maintains  to  have  come 
from  the  north-west,  and  to  have  acted  with  little  regard  to  the  inequa- 
lities of  the  surface.  He  interprets  the  pheenomena  as  indicating  the 
passage  over  vride  areas  of  an  abrading  agent,  at  the  same  time  plastic 
and  of  volume  sufficient  to  fill  valleys  several  miles  in  breadth,  ana  from 
one  to  two  thousand  feet  in  depth,  and  he  maintains  the  probability 
of  this  aeent  being  ice  much  water-charged  and  more  mobile  than  as 
presented  in  an  ordinary  glacier.  He  holds  the  power  of  the  de- 
nuding force  of  this  agent  to  have  been  very  considerable.  The  older 
boulder  clay  he  regards  as  the  detritus  of  this  general  glaciation, 
which  he  believes  to  have  taken  place  at  a  period  anterior  to  the 
epoch  of  the  northern  drift,  which  itself  preceded  the  epoch  of 
local  glacier  systems.  There  is  much  that  is  highly  interesting  and 
suggestive  in  Mr.  Chambers'  paper,  even  though  we  may  not  be  in- 
clined to  go  along  with  him  unhesitatingly  in  his  speculations.  The 
subject  of  the  ancient  glacial  phfenomena  of  Britain,  Scandinavia,  and 
America,  is  evidently  fast  advancing  towards  new  combinations,  and 
the  multiplication  of  local  observations,  of  which  many  good  examples 
are  contributed  by  Mr.  Chambers,  will  most  effectuwly  promote  our 
progress  towards  definite  conclusions.  In  the  mean  time  those  who 
occupy  themselves  with  these  inquiries  should  closely  study  the 
admirable  and  beautiful  work  on  the  existing  glaciers  of  Norway, 
just  contributed  to  science  by  Professor  James  D.  Forbes  of  Edin- 
burgh. The  thorough  knowledge  and  science  of  the  author,  his 
great  experience,  his  searching  and  logical  treatment  of  his  subject, 
and  the  excellence  of  hb  style  render  all  his  works  on  this  difficult 
matter  models  and  guides. 

The  condition  of  the  surface  of  the  emerged  land  of  the  Scottish 
area  during  the  epoch  of  general  glaciation,  the  existence  of  which  is 
inferred  by  Mr.  Chambers,  must  have  been  very  comparable  vrith 
that  noticed  by  Dr.  Rink,  in  his  late  paper  "  On  the  Continental  Ice 
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of  Greenland  ♦,"  and  by  Dr.  Sutherland  in  his  researches,  published  in 
our  Journal,  on  the  western  coasts  of  Northern  Greenland.  In  Green- 
land at  the  present  moment  we  have  a  vast  extent  of  land  *'  coTered/' 
to  use  Dr.  Rink's  words,  '*  with  ice  to  a  certain  elevation ;  mountains 
and  valleys  levelled  to  an  uniform  plane ;  river-beds  concealed,  as 
well  as  every  vestige  of  the  original  form  of  the  country."  The 
movement  commencing  far  inland,  which  that  able  observer  describes 
as  thrusting  the  outward  edge  of  this  mass  of  ice  forward  towards 
the  sea,  would  doubtless  produce  over  a  large  area  effects  of  eeneral 
smoothing,  grooving,  and  striation  similar  to  those  presented  by  the 
surface  of  Scotland.  To  every  student  of  ancient  glacial  action.  Dr. 
Rink's  interesting  paper  must  be  of  considerable  vfdue. 

In  Ireland  the  members  of  the  Geological  Society  of  Dublin  have 
sent  forth  an  interesting  part  of  their  Journal,  containing  the  pro- 
ceedings of  the  last  session.  Mr.  Willson  of  the  Geolodcal  Survey 
contributes  an  outline  of  his  observations  on  the  Geology  of  the 
Southern  portion  of  the  CJounty  of  Cork,  chiefly  concerning  the 
thickness  of  the  rocks  that  intervene  between  the  old  red  sandstone 
and  the  carboniferous  limestone  in  that  district.  To  some  of  the  facts 
stated  in  this  paper,  I  would  direct  attention  for  the  sake  of  English 
investigators  of  the  middle  palaeozoic  strata.  At  Bally-cotten  bay, 
shales,  slates,  grits,  and  fla^tones  alternate,  and  occupy  the  interval 
between  the  carboniferous  hmestone  and  Old  Red,  to  the  thickness  of 
2000  feet.  At  Monkstown  similar  beds  are  2600  feet.  More  to  the 
south,  between  the  neighbourhood  of  Bandon  and  the  Seven  Heads, 
3800  feet  of  strata  were  measured  without  reaching  the  limestone,  and 
at  the  Seven  Heads,  the  intermediate  beds  are  4500  feet,  with  no 
certainty  of  their  uppermost  portion  being  reached.  Mr.  J.  Kelly,  in 
an  interesting  paper  "  On  the  Quartz  Rocks  of  the  Northern  Part  of 
the  County  of  Wicklow,'*  combats  the  view  adopted  in  some  sections, 
published  by  the  Geological  Surrey,  to  the  effect  that  they  are  beds 
mterstratified  with  slaty  rocks,  and  maintains  the  amorphous  cha- 
racter of  the  masses,  and  their  intrusive  origin.  Considerable  diffi- 
culties doubtless  attend  the  certain  dehneation  of  the  relations  of  these 
quartz  rocks,  in  some  measure  owing  to  the  state  of  the  country,  which 
is  much  obscured  by  drift.  A  compact  and  well-worked  memoir  on 
the  Geology  of  Portraine,  an  isolated  district  in  the  neighbourhood  of 
Dublin,  famous  for  the  interest  of  the  Silurian  fossils  that  have  been 
procured  from  a  small  patch  of  strata  of  the  Llandeilo  type,  contains 
the  particulars  of  a  highly  interesting  tract,  previously  undescribed 
in  detail.  The  paper  is  by  Mr.  Henry  Medlicott,  a  young  geologist 
of  varied  accomplishments  and  much  promise,  who  has  lately  gone 
out  to  India  to  join  the  G^logical  Survey  under  the  direction  of 
Mr.  Oldham.  Professor  Haughton,  of  Trinity  College,  Dublin,  com- 
mences a  series  of  notes  on  the  Irish  mines,  and,  combining  his  eminent 
mathematical  and  physical  acquirements  with  practical  field  geology, 
has  read  a  memoir  on  the  newer  palaeozoic  rocks  which  border  the 
Menai  Straits.    In  this  essay,  after  describing  the  physical  structure 
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of  the  south-east  side  of  the  Menai,  he  enters  into  palseontological  de- 
tails, and  connects  his  subject  with  the  geolo^  of  Ireland,  by  showing 
at  some  length  the  analogy  in  lithological  character  and  fossil  con- 
tents, between  the  lower  parts  of  the  series  of  strata  in  question,  and 
the '  yellow  sandstone'  of  Mr.  Griffith,  as  seen  in  the  North  of  Ireland. 
He  maintains  that  in  this  Welsh  district  no  distinction  exists  be- 
tween the  Devonian  and  Carboniferous  deposits,  and  that  the  entire 
series  of  beds,  including  the  red  sandstone  conglomerates  and  yellow 
sandstones  at  its  base,  must  be  considered  as  a  continuous  whole.  It 
must  be  borne  in  mind,  however,  by  English  geologists,  that  the 
so-called  Irish  Devonians  alluded  to  belong  to  the  neutral  ground, 
between  the  typical  Devonians  and  Carboniferous  Umestones,  and 
that  for  many  reasons  their  affinities  may  be  regarded  rather  as 
appertaining  to  the  latter  than  to  the  former  palseozoic  group. 

A  paper  of  a  strictly  Irish  character,  but  bearing  importantly  on 
our  own  Silurian  Geology,  has  been  read  by  Messrs.  Jukes  and 
Wyley,  on  the  structure  of  the  northern  part  of  the  county  of  Wick- 
low.  The  authors  show  that  the  Lower  Silurians  rest  unconformably 
on  the  edges  of  the  Cambrian  rocks  of  that  locality,  and  that  the 
granite  does  not  bring  up  the  Cambrian  rocks  on  its  flanks,  but  cuts 
up  through  the  Silurian ;  the  general  dip  to  the  rocks  being  towards 
the  mnite  for  a  considerable  space  on  each  side  of  it. 

The  new  edition  of  Mr.  Griffith's  beautiful  map  has  this  day  been 
presented  to  us,  enriched  by  many  improvements.  The  Greological 
Survey  of  Ireland  has  completed  tne  examination  of  the  counties  of 
Dublin,  Wicklow,  Wexford,  Kildare,  Carlow,  and  Waterford,  and 
more  than  half  of  Kilkenny  and  Cork,  with  parts  of  the  adjacent 
counties.  All  the  observable  data  have  been  laid  down  on  the  six- 
inch  maps,  and  the  results  published  on  the  index  maps  of  the  five 
first  counties.  The  sheet  inch-map  of  Ireland  having  now  been 
commenced,  and  four  quarter-sheets,  including  the  northern  half  of 
the  county  of  Wicklow,  &c.,  being  nearly  ready  for  publication,  the 
early  geological  work  of  that  portion  has  been  revised  and  the  lines 
laid  down  upon  the  new  maps.  The  pubhcation  of  these  inch-maps 
may  shortly  be  looked  for,  and  it  is  to  be  hoped  that  the  furtherance 
of  this  good  work,  by  the  aid  of  the  Ordnance,  will  receive  every 
encouragement  from  Government. 

Geology  of  British  Colonies  and  Possessions. 

In  noticing  the  progress  that  has  been  made  during  1853  in  this 
highly  important  branch  of  my  theme,  I  shall  confine  myself 
almost  entirely  to  remarks  upon  memoirs  not  contained  in  our  own 
Journal.  That  pubhcation  is  rich  this  year  in  contributions  to 
colonial  geology,  essays  of  unquestionable  value,  and  whose  merits 
speak  for  themselves.  Thus  from  the  East  we  have  received  ac- 
counts of  the  researches  in  various  parts  of  India  of  Dr.  Andrew 
Fleming,  Capt.  Vicary,  Mr.  Frere,  Lieut.  Sankey,  and  Dr.  Bell ; 
and  a  notice  of  the  geology  of  Labuan  by  Mr.  Motley.  Cap- 
tain Nelson  has  given  us  the  results  of  his  researches  among  the  coral 
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fonnations  of  the  Bahamas,  supplementary  to  those  formerly  com- 
municated from  the  Bermudas  by  this  distiu^ished  officer.  To 
Canadian  geology  Dr.  Bigsby  has  added  his  account  of  the  structure 
of  the  Quebec  district.  Mr.  Dawson  and  Mr.  Poole  have  added  to 
our  knowledge  of  the  details  of  the  Carboniferous  formations  of  NoTa 
Scotia.  Dr.  Sutherland  has  given  us  a  full  account  of  his  obser- 
vations in  Baffin's  Bay  and  amonsf  our  inhospitable  Arctic  possessions, 
as  well  as  notes  on  the  neighbouring  coasts  of  Greenland.  Mr. 
Wathen  has  described  the  gold  fields  of  Victoria ;  and  to  return  to 
the  Atlantic,  Colonel  Qeneken  has  offered  a  contribution  to  the 
geology  of  the  West  Indies.  On  this  last-named  subject  I  would 
venture  to  offer  a  few  remarks. 

It  is  much  to  be  desired  that  some  able  and  active  geologist,  prac- 
tised in  the  observation  of  the  newer  formations  of  Europe,  would 
visit  and  explore  the  West  Indian  archipelago.  There  is  no  finer 
field  for  fresh  research,  and  all  that  has  hitherto  been  done,  from  the 
early  labours  of  Sir  Henry  De  la  Beche  in  Jamaica,  to  the  latest 
memoir,  that  of  ('olonel  Heneken  on  San  Domingo,  communicated 
to  the  Society  in  March  last,  holds  out  a  rich  promise  of  reward  to 
the  man  able  and  willing  for  the  work.  Colonel  Ueneken's  account 
of  San  Domingo,  with  the  accompanying  palseontological  comments 
by  Mr.  Moore  and  Mr.  Lonsdale,  is  one  of  singular  interest  for  the 
tertiary  geologist  and  the  inquirer  into  the  geographical  arrangements 
of  the  later  epochs.  The  demonstration  of  something  more  than  a 
relation  of  analogy  between  the  fauna  of  the  San  Domingo  and 
Panama  tertiaries  on  the  one  hand,  and  that  of  the  existing  Panamian 
and  Indo-Pacific  regions  on  the  other,  is  a  significant  advance,  and 
points  to  an  ancient  disjunction  between  the  masses  of  land  in  the 
North  American  area  and  those  of  the  South,  dating  probably  about 
the  epoch  of  the  middle  tertiaries ;  whilst  the  indication  of  some  iden- 
tifications, even  though  few,  of  ground-living  moUusks,  not  likely  to 
enjoy  a  deep  vertical  range,  with  species  living  on  the  European  side 
of  the  North  Atlantic  during  the  Miocene  epoch,  would  seem  to 
indicate  an  extensive  stretch  of  land  or  of  shallows  from  the  West 
Indian  r^on  Europe-wards,  that  remarkably  accords  with  some  well- 
known  indications  afforded  by  the  distribution  of  existing  creatures. 

Tlie  number  of  papers  on  East  Indian  geology,  referred  to  as  con- 
tained in  our  Journal,  would  of  itself  be  ample  evidence  of  the 
diligence  and  zeal  of  Indian  geologists.  But  the  student  of  the 
structure  of  the  Elast  must  not  confine  his  studies  to  the  transactions 
of  societies  at  home ;  in  the  journals  of  Indian  Societies  he  will  find 
many  papers  of  great  interest.  The  excellent  report  on  the  geolo- 
gical structure  and  mineral  wealth  of  the  salt  range  in  the  Punjaub, 
by  Dr.  Andrew  Fleming,  is  an  instance.  It  may  be  found  in  the 
Journal  of  the  Asiatic  Society  of  Bengal ;  in  which  work  are  some 
remarks  by  Capt.  Young  on  the  much-disputed  subject  of  Laterite. 
The  last-namea  pap^  contains  interesting  notices  on  the  geology  of 
Burmah.  Dr.  Kelaart,  in  another  eastern  periodical,  has  published 
his  observations  on  the  Laterite  of  Ceylon.  The  Journal  of  the 
Bombay  branch  of  the  Asiatic  Society  not  unfrequently  contains 
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essays  of  geological  interest.  Among  these,  in  the  last  year,  is  one  of 
the  most  valuable  of  recent  additions  to  our  knowledge  of  the  geology 
of  India,  a  memoir  on  the  Geology  of  the  Nagpur  State,  by  me  Rev. 
S.  Hislop.  A  good  deal  had  been  done  for  the  investigation  of  this 
interesting  district,  and  in  a  paper  communicated  to  the  Society  by 
Lieut.  Sankey  of  die  Madras  Engineers,  a  detailed  history  was  given 
of  the  results  of  the  researches  there  of  geologists  and  collectors, 
more  especially  Messrs.  Hislop  and  Hunter,  who  had  previously 
transmitted  to  us  an  extensive  suite  of  fossils.  Mr.  Hislop  maintains, 
supporting  his  pinion  by  forcible  arguments,  that  the  overlyii^  trap 
of  Central  and  Western  India  cannot  have  been  poured  out  in  the 
bed  of  the  ocean,  but  must  have  been  erupted  in  a  lake  or  chain  d 
lakes.  The  freshwater  tertiaries  that  underlie  the  trap  he  considers 
to  be  of  Eocene  age,  perhaps  too  positively,  although  his  view  is  con- 
sistent with  some  indications  aftbrded  by  the  shells  that  occur  in 
them ;  but  it  should  be  borne  in  mind  by  all  describers  of  fluvi- 
atile  and  lacustrine  formations,  that  mere  anal(^  of  form  is  a  very 
bad  guide  in  the  determination  of  the  epoch  of  freshwater  moUusks. 
"  The  sandstone  of  Central  India,  which  appears  to  be  identical  with 
the  diamond  sandstone  of  Southern  India,  belongs  with  its  associated 
shale  and  the  Indian  Coal-measures  to  the  Lower  Oolitic  formation." 
He  suggests  the  probability  of  these  sandstones  beine  of  freshwater 
origin,  and  maintains  that  the  Deccan  exhibits  no  evidence  of  having 
been  submer^d  by  the  ocean  since  a  period  anterior  to  the  Oolite. 

The  description  of  the  fossil  animab  of  the  nummulitic  rocks  of 
India,  by  Yicomte  d'Archiac  and  Jules  Haime,  elsewhere  alluded  to 
when  the  monograph  of  Nummulites  was  mentioned,  will,  when 
completed,  form  a  manual  of  the  highest  value  for  the  study  of  this 
extensive  formation  in  the  East.  The  part  already  published  contains 
the  account  of  the  Corals  and  Echinoderms  (as  well  as  the  Nummu- 
lites), and  is  preceded  by  a  review  of  the  geology  of  the  nummulitic 
region  of  India.  This  chapter  is  not  a  mere  summary  of  what  had 
previously  been  known  and  published.  It  contains  mudi  that  is  new, 
facts  of  high  value  derived  from  the  researches  of  our  associates,  Yicary, 
A.  Fleming,  Oldham,  R.  Strachey,  Thomson,  and  J.  D.  Hooker.  Sir 
Roderick  Murchison  has  been  the  means  of  placing  these  fresh  data 
at  the  disposal  of  M.  d'Archiac.  The  result  of  these  studies  has 
been  the  confirmation  of  the  complete  independence  of  the  nummu- 
litic in  regard  to  the  Cretaceous  formations.  *'  In  the  province  of 
Cutch,  in  Sdnde,  Beloochistan,  the  Pimjaub,  and  along  the  slopes  of 
the  Himalaya,"  remarks  M.  d'Archiac,  "  the  beds  beneath  the  num- 
mulitic limestones  exhibit  nowhere  the  characters  of  any  stage  what- 
soever of  the  chalk,  whilst,  wherever  the  substratum  hi^  been  recog- 
nized, it  exhibits  those  of  carbonaceous  deposits  with  days  and  sand- 
stones belonging  to  the  lower  tertiary  formation,  and  resting  either 
on  Jurassic  strata,  or  on  more  ancient  rocks  of  which  the  age  is  yet 
nnaettled." 

Every  student  of  Indian  geology  will  be  delighted  at  the  appear- 
ance of  the  *  Himalayan  Joumab '  of  Dr.  Joseph  Hooker,  a  woric 
that  will  do  much  to  sustain  the  reputation  of  the  British  school  of 
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Natural  History.  The  geologist  will  find  in  it  a  rich  store  of  facts 
of  the  highest  interest,  and  for  the  inquirer  into  glacial  phsenomena 
it  aboancb  with  new  and  invaluable  data.  I  may  say  the  same  for  the 
geographical  memoir  of  Capt.  Richard  Strache^  on  Western  Thibet ; 
and  we  all  look  forward  anxiously  to  the  pubhcation  of  the  detailed 
aoooont,  now  in  progress,  of  his  geologioil  researches,  knowing  as  we 
do,  how  rich  a  store  of  new  and  important  facts  was  accumulated 
daring  his  adventurous  journeys. 

It  is  most  gratifying  to  think  that  at  the  present  moment  no  small 
proportion  of  our  foreign  possessions  is  being  surveyed  geologically 
by  able  and  trained  observers,  and  that  the  vague  and  often  incom- 
prehensible statements  of  self-satisfied  and  shrewd  though  ignorant 
miners  and  unqualified  travellers,  are  fast  being  supplanted  by  the 
results  of  careful  and  accurate  research.  In  Canada  Mr.  Logan  pur- 
sues his  great  work,  with  able  assistants,  as  zealously  and  successfully 
as  during  former  years.  In  Eastern  India  Mr.  Oldham  is  similarly 
engaged,  and  has  gathered  around  him  several  young  geologists  of 
promise,  trained  in  the  methods  of  European  research.  In  the  pro- 
vinces of  Australia,  mineral  exploration  is  not  abandoned  to  mere  gold- 
seekers,  and  the  government  reports  are  now  scientific  documents. 
Mr.  Stutchbury  and  Mr.  Clark  are  at  work  in  New  South  Wales, 
and  Mr.  Selwyn  has  undertaken  the  exploration  of  Victoria,  with 
the  advantage  of  having  previously  passed  through  a  strict  geological 
discipline  in  the  survey  of  North  Wales.  In  our  colony  of  the  Cape 
of  Good  Hope  a  geological  survey  is  being  regularly  conducted  by 
Mr.  Geddes  Bain,  whose  private  researches  had  previously  produced 
remarkable  discoveries ;  and  in  that  of  Natal,  a  similar  official  ex- 
ploration is,  I  believe,  about  to  be  conducted  by  the  Surveyor-general, 
Dr.  Stanger,  whose  perfect  qualifications  for  the  office  are  well-known 
to  many  Members  of  our  Society. 

Progress  of  Geology  abroad. 

Of  late  years  the  literature  of  our  science  has  annually  received  so 
en(»Tnons  an  increase,  that  to  keep  pace  vrith  the  progress  of  the 
details  of  local  geological  research  is  a  labour  almost  beyond  the 
ability  of  a  single  individual.  In  every  civilized  country  the  number 
of  pursuers  of  geology  is  rapidly  multiplying,  and  the  transactions 
of  foreign  societies  have  become  prolific  in  memoirs  treating  on  all 
departments  of  our  science.  France,  Prussia,  Austria,  Russia,  Italy, 
and  Scandinavia  have  all,  during  the  past  year,  contributed  largely 
through  their  geological  and  other  societies  as  well  as  by  separate 
treatises.  In  the  New  World  a  like  manifestation  of  scientific  acti- 
vity is  exhibited,  so  it  would  be  presumptuous  to  pretend  to  report,  in 
an  address  of  reasonable  dimensions,  the  particulars  of  geological 
progress  abroad  during  1 853 .  I  shall  therefore  confine  myself  almost 
entirely  to  the  noticing  of  a  few  papers  and  works  upon  foreign 
ffeelogy  that  bear  more  or  less  directly  upon  cj^uestions  of  peculiar 
interest  to  workers  at  home.  One  of  the  most  important,  the  great 
work  of  Barrande,  I  have  already  noticed  at  some  length.     The  date 
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(1852)  of  the  excellent  and  truly  valuable  works  of  Dale  Owen  (on 
Wisconsin,  &c.)  and  James  Hall  (Paleeontologv  of  New  York), 
places  them  out  of  my  plan ;  both  are  of  the  highest  merit,  and 
ought  to  be  carefully  perused  by  every  British  student  of  palaeozoic 
formations.  The  beautiful  and  laborious  map  of  Belgium  by  Dumont, 
one  of  the  great  works  of  our  day,  has  only  just  come  to  hand  in  Eng- 
land; as  likewise  have  the  very  welcome  second  volume  of  Professor 
Studer's  *  Geology  of  Switzerland,*  and  the  commencement  of  a  na- 
tional work  on  the  geological  survey  of  the  Netherlands. 

The  admirable  *  History  of  tlie  Progress  of  Geology  from  1834  to 
1852,'  by  Vicomte  d'Archiac,  a  work  that  does  equal  honour  to  the 
Geological  Society  of  France  and  the  French  government,  under 
whose  auspices  it  is  published,  continues  to  advance  steadily,  though 
still  far  from  its  completion.     During  1853  the  second  part  of  the 
fifth  volume  has  been  issued.     This  part  is  devoted,  like  the  last,  to 
the  Cretaceous  formations ;  the  regions  treated  of  being  the  Iberian 
peninsula,  Italy,  the  countries  around  the  Levant,  those  around  the 
Baltic,  the  north-west  and  centre  of  Germany,  Poland,  Gallicia,  the 
Carpathians,  Russia,  Asia,  Africa,  and  America.    A  prefatory  chapter 
is  occupied  with  the  discussion  of  some  general  principles  involved  in 
the  consideration  of  the  phsenomena  afterwards  described,  and  in  a 
concluding  essay  the  author  reviews  the  geographical  and  stratigra- 
phical  distribution  of  the  Cretaceous  formation  considered  as  a  whole. 
The  essential  characters  of  this  work  are  such  as  to  preclude  any 
analysis  in  an  Address  of  this  kind. .   I  feel  bound,  however,  as  one 
of  the  many  who  feel  grateful  to  M.  d'Archiac  for  the  inappreciable 
assistance  afforded  by  this  labour  of  love  on  his  part^  to  bear  the 
strongest  testimony  to  the  ability,  learning,  philosophical  spirit,  and 
impartiality  with  which  he  has  executed  so  far  the  difficult  and 
delicate  task  undertaken  by  him  in  the  composition  of  this  History. 
The  accession  to  our  ranks  of  a  new  and  able  observer  is  always  a 
subject  of  commemoration  and  congratulation ;  still  more  so  ought 
it  to  be,  when  our  gain  is  in  some  partially-explored  region,  and  one 
where  men  of  science  are  few  and  far  between.     We  can  hoast  of 
such  an  accession  in  Senhor  Carlos  Ribeiro,  whose  excellent  notices  of 
the  Carboniferous  and  Silurian  formations  of  the  neighbourhood  of 
Busa90  in  Portugal  have  been  communicated  to  us  in  an  ably-con- 
densed memoir  by  Mr.  Sharpe,  with  notes  of  high  value  from  several 
of  our  Members.     We  may  hope  that  this  paper,  a  valuable  addition 
to  the  series  of  contributions  to  the  geology  of  Portugal,  mostly  due 
to  the  personal  labours  of  our  Treasurer,  is  a  precursor  of  a  full  and 
detailed  exploration,  by  native  observers,  of  a  region  in  great  part  as 
yet  virgin  ground  for  our  science. 

The  geological  structure  of  a  large  portion  of  Spain  has  been  out- 
lined in  masterly  style  by  MM.  de  Vemeuil  and  Collomb  in  a  memoir 
entitled  "Coup  d'oeil  sur  la  Constitution  G^ologique  de  plusieurs 
Provinces  de  I'Espagne,"  communicated  to  the  Geological  Society  of 
France.  To  every  scientific  traveller  visiting  the  Peninsula  hereafter 
this  excellent  treatise  will  be  indispensable.  It  is  illustrated  hy  sec- 
tions and  figures  of  organic  remains;  a  geological  map  of  Spain  is 
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promised.  The  authors,  ever  ready  to  acknowledge  and  do  justice  to 
the  bibours  of  those  who  have  gone  before  them,  not  only  satisfactorily 
Khow  that  the  spirit  of  geological  research  is  active  and  working  among 
Spanish  men  of  science,  but  also  demonstrate,  by  a  detailed  cata- 
logue of  no  fewer  than  154  works  and  memoirs,  that  Spanish  geology 
is  not  so  unexplored  as  many  of  us  are  apt  to  fancy.  Among  the 
names  of  British  contributors  in  his  long  Hst  are  those  of  Lyell, 
Silverton,  Cook,  Traill,  Daubeny,  Pratt,  and  Smith  of  Jordan  Hill. 
Although  when  British  geologists  make  raids  into  the  neighbouring 
r^ons  or  the  Continent,  especially  France,  Belgium,  and  Germany, 
where  so  many  able  and  eminent  brethren  of  the  hammer  are  ex- 
ploring with  success  the  structure  of  their  native  countries,  the  ob- 
ject and  purpose  of  their  predatory  incursions  are  chiefly  to  benefit  by 
the  experience  and  teaching  of  their  scientific  neighbours,  occasion- 
ally they  feel  bound  to  differ  and  attempt  to  correct.  There  are 
some  provinces,  indeed,  so  closely  allied  in  tneir  geological  constitution 
to  well-explored  portions  of  our  own  archipelago  that  they  seem  as 
outliers  of  our  own  geology,  and  therefore  fair  fields  for  critical 
inquiry.  One  of  these  lies  almost  beside  our  shores,  and  is  well 
worthy  of  examination  and  study  by  every  geologist  engaged  in  the 
examination  of  the  upper  and  middle  palseozoics.  I  allude  to  the 
country  about  Marquise  in  the  neighbourhood  of  Boulogne.  Although 
not  unfrequently  described  by  both  French  and  English  observers, 
much  obscurity  hangs  over  the  chronological  affinities  of  the  palaeo- 
zoic rocks  of  ihis  district ;  and  although  latterly  the  demonstration 
of  these  relations  was  being  more  nearly  approached  than  a  few  years 
ago,  there  still  remained  much  to  be  done,  and  none  among  our 
countrymen  is  fitter  to  undertake  their  exploration  and  elucidation 
than  Mr.  Austen,  whose  knowledge  of  the  palseozoics  of  Devon 
peculiarly  qualify  him  for  this  task.  The  valuable  memoir  com- 
municated to  us  in  March  last  is  the  account  of  his  researches. 
Leaving  its  details,  as  pubhshed  in  our  Journal,  to  explain  themselves, 
1  win  merely  call  attention  to  two  or  three  results  of  leading  interest. 
Mr.  Austen  clearly  proves  that  all  the  Palseozoics  of  this  district 
belong  to  the  Carboniferous  and  Devonian  series.  If  any  doubt 
could  be  entertained  respecting  any  portion  of  these  beds,  it  would 
fall  upon  the  black  schist  of  Caffiers,  the  lowest  visible  member,  and 
hitherto  regarded  as  unquestionably  Silurian ;  this  he  sets  pro- 
viaionally  aside.  But  Mr  Sharpe,  in  his  excellent  appended  note, 
places  the  supposed  lower  paleeozoic  nature  of  this  schist  in  an 
extremely  doubtful  position,  by  showing  that  the  so-called  Graptolites 
contained  in  it  are  really  plants.  The  determmation  of  the  true 
relations  of  the  yellow  sandstone  belts,  with  their  characteristic  con- 
tained bivalves,  is  an  important  step,  and  gives  us  a  zone  of  division 
between  the  carboniferous  and  Devonian  limestones,  the  true  equi- 
valents of  which  are  evident  and  similar  in  our  own  regions  of  Devon 
and  in  Ireland.  In  the  latter  country  this  horizon  marks  distinctly 
what  may  be  regarded  as  the  line  of  division  between  the  lower 
carboniferous  rocks — the  carboniferous  slates,  &c.  of  Dr.  Griffith — 
and  the  upper  j)ortion  of  what  may  be  considered  the  Devonian  series 
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proper,  that  part  in  which  the  Kilkenny  beds,  containing  Cydopteris 
hibemieus,  Anodon  Jukeni^  and  other  fossils  indicative  of  shallow 
and  probably  estuary  or  fluTiatile  conditions,  occur.  The  Marwood 
sandstones  of  North  Devon  (and  the  Pilton  and  Petherwin  groups) 
correspond  with  it.  To  what  extent  the  comparison  of  the  beds 
at  Marquise  lying  below  this  band,  the  Ferques  and  Fiennes  groups, 
and  the  underlying  beds  are  to  be  regarded  as  representing  the  whole 
Devonian  series,  is  a  question  about  which  Mr.  Austen  and  Mr.  Sharpe 
are  at  variance,  though  the  much-wished-for  publication  of  M. 
Bouchard's  lists  of  Ferques  fossils  would  possibly  go  far  towards 
settling  the  matter  in  Mr.  Austen's  favour,  his  view  being  that  the 
Eifelian,  Ahrian,  and  Rhenane  series  of  Dumont  are  here  represented. 
These  are  points  that  time  will  certainly  dear  up.  In  the  meanwhile  a 
good  stride  onwards  has  been  made  towards  assisting  our  own  students 
of  Devonians,  who  would  do  well  to  study  carefully  this  memoir  upon 
the  Marquise  beds,  and  to  ponder  over  the  excellent  and  hi^j 
suffgestive  comparative  table  of  the  succession  of  mineral  characters 
and  physical  conditions  that  is  appended  to  it. 

The  Devonians  of  the  Rhenish  provinces  have  lately  received  a  full 
share  of  attention,  chiefly,  however,  in  a  palseontological  point  of 
view.  I  shall  have  hereafter  to  call  attention  to  several  memoirs 
bearing  upon  their  organic  history.  A  fresh  geological  description 
of  the  Eifel  has  been  published  by  the  veteran  Steininger,  illustrated 
by  sections  and  figures  of  new  fossils.  It  is  very  questionable, 
however,  how  far  the  identification  of  Devonian  with  Silurian  species, 
put  forth  in  this  work,  can  be  accepted.  The  author's  mistakes  have 
arisen  chiefly  from  his  retaining  the  old  but  now  untenable  notion  of 
the  Silurian  place  of  the  German  Spirifer-Sandstones.  The  most 
valuable  contributions  to  the  elucidation  of  the  Grerman  Devonians 
are  the  works  of  the  brothers  Sandberger,  who  have  done  much 
towards  the  definition  and  precise  classification  of  this  series  of  rock- 
formations. 

The  problem  of  the  true  relations  of  the  Calcaire  pisolidque  of  the 
Paris  basin  is  likely  before  long  to  receive  some  satisfactory  solution. 
Hitherto  the  balance  of  opinion  has  inclined  in  the  direction  of  the 
view  so  ably  advocated  by  M.  d' Archiac,  and  urged  also  by  Sir  Charles 
Lyell,  to  the  effect  that  the  fauna  of  this  formation  and  its  stratigra- 
phical  relations  warrant  the  reference  of  it  to  the  tertiary  series.  M. 
H^rt,  on  the  other  hand,  and  with  much  show  of  reason,  insists  not 
only  on  its  connection  with  the  cretaceous  series,  but  also  of  its  equiva- 
lence to  the  yellow  chalk  of  Maestricht.  This  question  is  becoming 
one  of  general  interest,  and  has  already  had  its  mfluence  in  debated 
portions  of  our  own  geology.  The  views  of  M.  Hubert  are  stated 
at  some  length  in  a  note  on  the  synchronism  of  the  Calcaire  pisoli- 
tique  of  the  environs  of  Paris  and  the  Upper  Chalk  of  Maestricht, 
published  in  the  Bulletin  of  the  Royal  Academy  of  Belgium.  The 
English  geologists  must  bear  in  mind  that  the  term  "  Upper  Chalk  " 
thus  used  by  M.  H^ert,  and  proposed  by  him  as  a  aenomination 
for  that  highest  portion  of  the  cretaceous  series  in  which  be  would 
place  as  synchronous  the  Calcaire  pisolitique,  the  Faxoe  chalk  or 
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Terrain  Dtnien,  and  the  baculite  limestone  of  the  Cotendn,  is  not  to 
be  understood  as  embracing  the  beds  wliich  we  are  accustomed  to 
call  '*  Upper  Chalk  "  in  £ngiand»  and  which  are  especially  dereloped 
in  Norfolk  and  the  east  of  Kent.  The  equivalents  of  the  latter,  of 
which  the  Cardiaater  granuhmu  maj  be  mentioned  as  a  characteristic, 
widely  diffused,  and  guiding  fossil,  may  be  seen  at  Cipley  and  near 
Maestricht  underlying  the  yellow  chalk  with  Hemipneustes  radiatus, 
i.e.,  the  "Craie  sup^rieure"  of  H^rt.  I  have  never  seen  in 
England  any  beds  which  could  sadsfiictorily  be  assigned  to  the  last- 
mentioned  series,  but  think  it  extremely  probable  that  the  chalk  of 
Antrim  in  Ireland,  which  assuredly  should  be  regarded  in  its  greater 
part  as  equivalent  to  our  English  Upper  or  Norwich  chalk,  will  be 
found  to  include  equivalents  of  the  Maestricht  or  yellow  chalk  of  the 
continent.  I  make  this  suggestion  in  consequence  of  having  carefully 
examined  the  fine  collection  of  Irish  fossils  broueht  together  and 
first  described  by  Colonel  Portlock,  and  the  stm  more  extensive 
suite  in  the  Belmst  Museum  collected  by  Mr.  MacAdam,  for  the 
publication  of  whose  long-continued  labours  among  the  formations 
of  the  North-west  of  Ireland,  all  geologists  acquainted  with  that  able 
observer*s  perseverance  and  careful  inquiries,  now  continued  over  many 
years,  impatiently  await. 

Mr.  Prestwich  has  communicated  to  the  Greological  Society  of 
France  his  views  respecting  the  position  of  the  tertiary  sands  and 
lacustrine  limestone  of  Rilly  (Mame).  The  true  place  of  these  beds 
in  the  series  of  lower  sandb  of  the  Paris  basin  had  not  been  deter- 
mined vrith  certainty.  Much  general  interest  attaches  to  the  ques- 
tion, since,  if,  as  has  been  maintained  by  some  eminent  French  geo- 
logbts,  the  freshwater  limestone  of  Rilly  is  more  ancient  than  any 
known  tertiary  deposit  (providing  the  reference  of  the  Calcaire  piso- 
litique  to  the  Cretaceous  group,  as  proposed  b^r  M.  Hubert,  be 
accepted),  then  we  have  clear  proof  of  the  entering  in  of  the  Tertiary 
epoch  in  the  area  under  dispute  with  terrestrial  and  fluviatile  or  lacus- 
trine conditions ;  the  Rilly  hmestone  in  this  case  having  been  deposited 
in  lakes  upon  the  emerged  Cretaceous  surface.  Mr.  Prestwich  main- 
tains, however,  the  independence  of  the  sands  and  the  limestones, 
and  the  superposition  of  the  latter  on  the  former.  He,  for  the  first 
time,  records  the  presence  of  fossils  in  these  sands,  apparently  much 
in  the  same  condition  as  they  appear  in  the  similar,  though  not 
homologous  Headon  sands  in  the  Isle  of  Wight.  As  in  the  latter 
case,  they  are  marine.  He  holds  these  sands  to  belong  to  the  same 
deposits  with  those  of  Chalons-sur-Vesle  and  Chenay,  both  marine 
sands  below  the  lignites.  He  concludes  that  the  Rilly  limestone  was 
preceded  by  a  marine  deposit  of  tertiary  age,  and  was  not  the  most 
ancient  of  the  tertiaries.  On  many  and  good  grounds,  he  maintains 
that  it  was  a  local  travertine  formed  in  a  small  lake,  swamp,  or 
marsh ;  a  view  supported  by  the  fact  that  out  of  forty-five  species  of 
Rilly  shells,  no  fewer  than  thirty  are  of  terrestrial  habiu,  whust  most 
of  those  that  are  aquatic  are  pulmoniferous  types.  The  presence  of 
Jvicula  in  these  beds  would  seem  to  indicate  the  neighbourhood  of 
salt  water. 
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The  treatise  on  the  Tertiaries  of  the  Mayence  basin,  by  the  brothers 
Sandberger,  is  for  all  who  study  the  relations  of  the  middle  to  the 
lower  tertiaries,  one  of  the  most  valuable  contributions  to  our  science 
during  the  year.  Since,  however,  we  are  shortly  to  have  presented 
to  us  the  results  of  Mr.  Hamilton's  prolonged  and  careful  labours 
in  the  same  region,  I  shall  abstain  for  the  present  from  any  com- 
ments on  an  essay  of  peculiar  interest  to  myself,  as  well  as  on  other 
recent  German  papers,  especially  those  by  Beyrich  and  Dunker,  affect- 
ing the  same,  or  closely  allied  localities. 

Organic  Remains. 

The  enormous  increase  of  palseontological  observations  may  be 
measured  by  a  comparison  between  the  number  of  species  recorded 
in  the  first  edition  of  Professor  Morris's  Catalogue  of  British  fossils, 
and  the  number  mentioned  in  those  portions  of  the  new  edition 
that  have  gone  through  the  press,  and  will  shortly  be  pubHshed. 

The  number  of  plants  recorded  in  1843  was  510 ;  m  1853,  652  are  , 

cited.  The  increase  is  chiefly  among  M esozoic  and  Tertiary  types.    A  j 

great  deal  has  been  done  to  elucidate  the  structure  and  affinities  of 
fossil  plants  in  the  interval,  especially  by  Dr.  Hooker,  Mr.  Charles 
Bunbury,  Prof.  King,  Mr.  Dawes,  and  Mr.  Binney,  but  not  so  much 
towards  adding  new  names  to  our  lists  of  species.  In  Fossil  Botany 
this  course  of  proceeding  is  a  sign  of  advance  of  knowledge.  The  most 
marked  increase  in  number  of  recorded  species  is  among  the  oolitic 
and  Wealden  beds.  The  late  lamented  Dr.  Mantell  did  much  of  late 
years  towards  increasing  the  latter  list.  Were  all  the  known  frag- 
ments of  distinct  vegetables  foimd  in  our  tertiaries  monographed  and 
named  in  the  manner  of  those  I  shall  have  presently  to  mention,  de- 
scribed and  figured  in  the  lately  published  memoirs  by  Austrian  bota- 
nists, our  lists  would  be  considerably  increased.  They  certainly  ought 
to  be  made  the  subject  of  a  treatise,  and  might  be  advantageously  taken 
up  by  the  Palaeontographical  Society,  which,  as  yet,  has  given  us  no 
separate  memoir  on  British  fossil  plants. 

The  Amorphozoa  come  next.  In  1843,  76  named  forms  were  re- 
corded. In  1853,  the  number  is  increased  to  \\6,  The  increase  is 
in  a  great  measure  due  to  the  labours  of  Mr.  Toulmin  Smith  among 
the  Ventriculidse,  which,  notwithstanding  the  arguments  of  their  in-  ; 

vestigator  in  advocacy  of  their  Polyzoan,  and  consequently  Molluscan 
origin,  naturalists  are  generally  of  accord  to  keep  in  their  old  place 
beside  the  Sponges. 

The  Foraminifera,  82  of  which  are  mentioned  as  named  types 
in  the  hst  of  1843,  have  increased  to  168,  besides  numerous  in-  %i 

dications  of  unpublished  and,  as  yet,  unnamed  forms.  The  next 
ten  years  will  probably  triple  the  amount  of  named  fossil  species 
of  these  exqubite  minims  of  creation.  The  additions  are  chiefly 
new  identifications  of  British  fossils,  with  species  described  by  con- 
tinental authors,  especially  by  Alcide  d'Orbigny  and  Reuss.'  The 
merit  of  determining  these  is,  I  believe,  in  great  part  due  to  our 
Assistant- secretarj',  Mr.  Rupert  Jones,  whose  authority  stands  verj* 
high  in  all  departments  of  microscopic  palseozoology.     Mr.  Jones 
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himself  is  au  addition  to  the  list  of  British  Palteontologists  during 
the  last  ten  years,  and  one  we  all  welcome.  The  lahours  of  Dr. 
Williamson  and  Dr.  Carpenter  have  abo  done  much  towards  clearing 
up  our  fossil  Foraminifera  ;  and  the  untiring  exertions  of  Mr.  Harris, 
of  Charing,  though  inconspicuous  in  print,  have,  I  believe,  been  a 
chief  source  of  fresh  materials  towards  the  history  of  our  cretaceous 
species. 

In  the  first  edition,  the  Zoophyta  are  combined  with  the  Bryozoa. 
When  the  latter  are  eliminated  there  remain  1 83  zoophytes,  chiefly 
corals.  This  number  has  been  prodigiously  added  to  within  the  last 
ten  years,  no  fewer  than  438  species  being  enumerated  in  the  new 
catalogue.  The  increase,  in  this  instance,  is  due  to  an  entirely  new 
treatment  of  the  subject.  To  Milne-Edwards  and  Jules  Haime  a 
large  proportion  of  tne  additions  are  indebted  for  their  place.  Mr. 
Lcmsdale  and  Professor  M*Coy  have  also  contributed  extensively. 

The  Bryozoa,  afew  years  ago  regarded  as  Zoophytes,  but  now  known 
to  be  low  forms  of  the  subkingdom  Mollusca,  amounted  to  about  132 
in  the  first  edition.  In  the  new  catalogue,  they  constitute  a  roll  of  no 
fewer  than  249  species.  This  extended  list  is  due  to  many  inves- 
tigations, and  the  newly-recorded  types  come  from  formations  of  all 
ages.  Attention  seems  to  have  been  suddenly  directed  to  these 
curious  bodies  both  at  home  and  abroad.  The  study  of  the  British 
fosul  species,  vast  as  is  the  increase  of  the  recorded  numbers,  can  be 
regarded  only  as  in  its  commencement.  I  trust  that  geologists  who 
may  direct  their  attention  to  these  bodies  hereafter,  will  bear  in  mind 
the  complete  and  searching  analysis  of  the  existing  species  drawn  up 
by  Mr.  Busk  for  the  British  Museum,  and  guide  themselves  in  de- 
scribing the  fossils  by  the  example  of  that  valuable  treatise. 

The  Echinodermata,  266  in  number  in  1843,  are  now  479;  the 
record  of  species  is  daily  increasing,  but  I  do  not  think  likely  even- 
tually to  extend  beyond  500  British  forms.  Major  Austin,  Professor 
M'Coy,  Dr.  Wright,  and  myself  have  been  the  principal  workers  in 
this  beautiful,  and  in  a  geological  point  of  view,  invaluable  order.  The 
additions  of  the  entire  family,  including  not  a  few  genera  and  species, 
of  Cystidea  to  the  list,  (for  the  Sphseronites  of  the  former  catalogue  is 
probably  not  a  cystidean,)  a  group  as  characteristic  of  the  lower 
palseozoic  formation,  as  the  Graptolites  or  myriads  of  Trilobites  are,  is 
one  of  the  most  striking  instances  of  the  progress  of  palseontological 
research,  and  one  due  for  several  of  its  most  curious  facts  to  the  ex- 
ertions of  Mr.  Fletcher,  and  Mr.  John  Gray  of  Dudley. 

The  named  Annelida  were  79  in  1843,  they  are  now  129.  The 
most  interesting  additions  are  among  palaeozoic  forms. 

The  Cirripedia,  21  in  1843,  are  now  42.  The  value  of  the  increase 
in  this  instance  is  not  to  be  estimated  by  the  merely  doubling  of  the 
number.  They  have  been  thoroughly  sifted  by  a  master- hand,  ana- 
lysed with  incomparable  care,  and  by  a  combination  of  unsurpassed 
labour  with  judgement  and  knowledge  of  the  highest  kind,  have  been 
brought  to  a  state  which  may  be  regarded  as,  at  least  for  many  years 
to  come,  the  epoch  of  maximum  in  their  investigation.  To  Charles 
Darwin  we  are  indebted  for  this  service. 
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The  Crustacea  are  now  291 ;  in  1843,  they  were  159.  This  is  an 
enormous  advance,  and  curious,  since  in  great  part  it  has  arisen 
firom  additions  to  Uie  list  of  palceozoic  species.  It  marks,  moreorer, 
not  merely  an  adrance  of  names,  but  one  of  knowledge,  as  may  be 
iudged  from  an  inspection  of  the  changes  in  the  generic  list.  The 
Trilobites  have  undergone  a  complete  revision,  and  the  number  ci 
species  of  those  singular  animals  is  vastly  increased,  thanks  more 
especially  to  the  work  done  by  Salter  and  by  M*Coy.  The  Cytheridse 
and  Cyprididee  have  become  a  feature  in  th!e  catalogue,  mainly  in  con- 
sequence of  the  researches  of  Rupert  Jones.  Professor  M'Coy  has 
largely  added  also  to  the  list  of  these  tribes,  and  to  the  catalc^oe  of 
the  higher  cmstacea  from  our  mesozoic  and  lower  tertiary  strata. 

The  additions  to  the  list  of  fossil  insects  more  than  double  this 
portion  of  the  catalogue.  They  are  due  to  the  Rev.  P.  Brodie,  and 
are  entirely  derived  from  mesozoic  strata,  chiefly  from  the  Purbecks 
and  Lias.  In  this  department  there  is  a  considerable  amount  of  un- 
published materials  existing  in  collections. 

The  number  of  Brachiopoda  has  swollen  from  459  to  668,  an 
addition  of  more  than  200  species !  In  the  mean  time  they  have 
been  undergoing  complete  and  thorough  revision.  Mr.  Davidson, 
whose  appearance  among  us  as  a  British  palseontologist  has  taken 
place  in  the  interval  between  the  two  editions,  is  foremost  among  the 
workers  in  this  department,  one  greatly  increased  also  by  the  labours 
of  King,  M'Coy,  and  Salter.  Some  very  interesting  contributions 
have  corae  from  Mr.  D.  Sharpe,  and  Mr.  C.  Moore  of  Ilminster. 
The  important  discovery  of  Liassic  species  of  Leptsena  and  Theddium 
in  Britain  is  due  to  the  last-named  observer. 

The  catalogue  included  318  Monomyarian  Bivalves  in  1843 ;  in  the 
new  edition  577  are  recorded.  The  additions  in  this  instance  come 
from  numerous  sources.  Both  in  this  and  the  following  group  we 
owe  much  to  the  labours  of  Mr.  Morris  and  Mr.  Lycett  among  the 
Oolites. 

The  lists  of  the  remaining  groups  of  fossil  animab  will,  when  com- 
pleted, show  a  comparable  increase  in  almost  every  section.  In  the 
nighest,  a  large  accession  as  well  as  a  revision  of  species,  will  give  a 
new  vidue  to  the  catalogue ;  many  of  the  researches  of  Professor 
Owen  among  the  reptiles  and  the  warm-blooded  Vertebrata,  and  of  Sir 
Philip  Egerton  among  the  Fishes,  havine  been  given  to  the  world  in 
the  interval.  Indeed,  scarcely  a  monm  now  passes  without  the 
appearance  of  some  published  contribution  to  British  palaeontology. 

The  volume,  or  rather  fasciculus  of  volumes,  for  the  year  1853 
issued  by  the  Palseontographical  Society  is,  in  respect  of  richness  of 
illustration  and  value  of  matter,  one  of  the  finest  productions  of  this 
useful  union.  In  its  distinctive  features  it  differs  somewhat  from  its 
predecessors,  inasmuch  as  a  considerable  portion  of  it  is  occupied  by 
a  series  of  elaborate  treatises  on  the  anatomy,  microscopic  structure, 
and  systematic  arrangement  of  the  Brachiopoda,  respectively  con- 
tributed by  Professor  Owen,  Dr.  Carpenter,  and  Mr.  Davidson. 
The  anatomical  plates  attached  to  this  memoir  are,  without  excep- 
tion, the  most  beautiful  engravings  that  ever  illuminated  a  natural- 
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history  treatbe.  The  lithographic  plates  illustrative  of  the  genera  of 
Bradiiopoda  are  also  excellent  specimens  of  their  kind,  both  in  ex- 
ecution and  arrangement.  They  are  remarkable,  not  only  for  their 
fidelity,  but  also  for  their  artistic  merits,  the  more  so  since  they  are 
the  work  of  an  amateur  in  art,  our  accomplished  associate,  Mr.  David- 
son, to  whose  generosity  and  zeal  for  science,  the  world  of  geologists 
is  deeply  indebted  for  these  admirable  drawings.  The  former  annual 
volumes  issued  by  the  Palaeontographical  Society  have  scarcel^r,  owing 
to  aocddental  circumstances,  received  notice  in  the  Anniversary 
addresses,  and  I  take  this  opportunity  of  offering  a  word  of  con- 
gratuktion  to  the  geologists  of  Great  Britain,  on  the  services  rendered 
to  their  science  through  this  remarkable  series  of  monographs, — 
products  of  disinterested  zeal  and  earnest  co-operation. 

When  the  Palaeontographical  Society  was  started,  its  founders  could 
not  have  anticipated  the  success  that  bets  crowned  its  exertions,  or  the 
facili^  with  wnich  able  and  enthusiastic  labourers  in  the  field  of  science 
it  proposed  to  cultivate,  would  have  been  found  willing  to  devote 
their  grmtoitoiis  exertions  to  the  work.  Hence  there  has  arisen  an 
inequality  of  plan  and  difference  of  treatment  in  the  several  mono- 
graphs published  annually,  much  to  be  regretted,  but  scarcely  now  to 
be  remedied.  Where  a  subject  mainly  of  importance  to  a  branch  of 
zoology  that  chiefiy  concerns  the  geologist,  such  as  that  of  the 
Brachiopodous  Mollusks,  is  treated  fully  and  completely  as  in  the 
volume  for  1853,  we  are  grateful  for  the  boon,  even  though  such  a 
treatise  was  foreign  to  the  original  intentions  of  the  Society.  But  in 
the  majority  of  instances  it  is  doubtful  how  far  it  is  desirable  to  ex- 
pend the  resources  of  the  Society  on  printing  purelv  zoological  matter 
mixed  up  with  the  paleeontological  descriptions,  and  necessarily  imper- 
fect, and  causing  much  repetition.  Good  figures  and  good  descrip- 
tions of  fossils  are  the  true  ends  to  be  kept  in  view.  It  is  also  to  be 
regretted  that  the  Society  had  not  started  vrith  a  definite  scheme  of 
mom^raphs ;  each  and  all  should  have  been  either  stratigraphical,  or 
else  systematic ;  but  we  have  now  a  mixture  of  both,  which  sooner 
or  later  will  be  the  cause  of  not  a  little  clashing  and  confusion. 

The  more  strictly  paleeontographical  portion  of  this  volume  is 
occupied  by  the  continuations  of  the  Monographs  of  British  Fossil 
Conds,  bv  Milne-Edwards  and  Jules  Haime;  of  MoUusca  of  the 
Great  Oo&te,  by  Morris  and  Lvcett ;  of  the  Crag  MoUusca,  by  Searles 
Wood ;  and  of  the  British  Fossil  Reptilia,  bv  Owen.  About  250 
species  of  fossils  of  various  orders  are  described  and  figured.  Of 
these  about  two-fiflhs  are  either  whollv  new  to  science,  or  else  new 
to  the  British  Fossil  Fauna — no  small  addition  to  our  knowledge  of 
extinct  animals  to  come  from  one  Society  in  a  year. 

In  this  part  of  the  monograph  of  the  Corals  our  Devonian  species 
are  described  and  figured,  British  examples  only  being  selected  for 
delineation,  a  precaution  in  a  work  of  this  character  that  cannot  be 
too  strictly  attended  to,  since  on  its  essentiallv  local  or  topographical 
features  much  of  the  peculiar  interest  and  value  attached  to  it  must 
depend.  Sad  mistakes  in  other  works  have  been  committed  through 
the  neglect  of  this  precaution  by  more  authors  than  one,  and  many  a 
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dispute  might  have  been  prevented,  had  the  exact  locality,  or  if  none  was 
known  for  certain,  the  fact  of  the  want  of  knowledge,  of  thft  specimen 
figured,  been  precisely  stated.  Forty-six  corals  occur  in  the  Bridsh 
Devonian  strata,  being  rather  less  than  one-third  of  all  known  Devo- 
nian corals.  Almost  half  of  these  are  as  yet  peculiarly  British,  and 
of  the  others  only  six  (five  of  them  being  also  continental  in  Europe) 
occur  on  the  other  side  of  the  Atlantic,  a  fact  which,  when  we  call  to 
mind  the  wide  latitudinal  range  of  the  Anthozoa,  has  an  important 
significance  in  its  bearing  upon  the  determination  of  the  geography 
of  the  northern  hemisphere  during  the  Devonian  epoch.  Three  only 
of  our  Devonian  corals  are  regarded  by  Milne-Edwards  and  Jules 
Haime  as  identical  with  Silurian  species,  whilst  they  consider  all  the 
others  as  pecuUar  to  their  epoch.  All  the  species  described  belong 
to  the  groups  Zoantharia  tabula t a  and  Zoantharia  rugosa,  and  the 
most  conspicuous  and  recent-looking  corals  of  the  Devonian  reefs  and 
banks  were  members  of  the  latter  suborder,  one  of  which  there  are  no 
living  representatives.  Hence  all  inductions  drawn  from  the  presence 
and  forms  of  these  zoophytes  respecting  the  prevalence  of  a  warm  or 
tropical  climate  within  our  area  during  the  epoch  of  their  fipurishing 
must  be  set  aside,  since  they  have  been  founded  on  the  mistaking  of 
analogies  for  affinities.  If  we  accept  the  views  promulgated  con- 
cerning the  structure  and  classification  of  corals  by  Milne-Edwards 
and  Ilaime — numerous  facts  in  whose  support  are  accumulated  in  the 
several  parts  of  this  monograph — the  prevailing  opinions  concerning 
the  physical  condition  of  the  palaeozoic  epochs  must  be  very  con- 
siderably modified  or  subdued,  and  the  separation  of  those  vast  and 
infinitely  remote  periods  from  the  stages  in  time  that  succeeded  them 
he  made  even  more  manifest  than  was  indicated  by  the  phsenomena 
presented  by  other  groups  of  palaeozoic  creatures. 

The  appearance  of  the  first  part  of  the  "  Description  of  the  Fossil 
remains  of  Mollusca  found  in  the  Chalk  of  England,"  by  our  valued 
Treasurer,  Mr.  Daniel  Sharpe,  will  be  hailed  with  pleasure  by 
students  of  cretaceous  beds  all  over  Europe.  The  portion  published 
embraces  the  Belemnites,  the  Nautili,  and  part  of  the  Ammonites, 
and  contains  descriptions  and  figures  of  24  species,  of  which  two  are 
wholly  new,  and  six  new  to  British  lists.  The  range  of  cretaceous 
strata  from  whence  the  specimens  described  have  been  procured, 
extends  from  the  Upper  Chalk  of  Norfolk  and  Gravesend,  to  the 
Chloritic  marl  of  the  Isle  of  Wight,  and  "  Chalk  with  green  grains  " 
of  Somersetshire.  It  is  worthy  of  notice  that  of  the  Nautili  described, 
several  are  recorded  as  having  an  extensive  vertical  distribution  ;  thus 
Nautilus  Itevigatus  ranges  from  the  Upper  Greensand  to  the  Upper 
Chalk,  whilst  Nautilus  pseudo-elegans^  N.  radiatus,  N  neocomiensisy 
and  N.  undulatus  occur  in  both  the  upper  and  lower  divisions  of  the 
Cretaceous  system  ;  in  others  words,  both  above  and  below  the  Gault. 
Every  fact  of  this  kind  well  ascertained,  is  of  no  small  interest  at 
present,  when  there  is  an  extreme  and  unwholesome  tendency  on  the 
part  of  many  palaeontologists  to  insist  h  priori  upon  the  distinctness 
of  species  coming  from  different  stages,  and  to  force  their  diagnoses 
accordingly. 
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Th?  part  of  the  "  Monograph  of  the  Mollusca  from  the  Great 
Oolite,"  issued  for  185.'^,  is  devoted  to  the  Lam eUi branchiate 
Bivalves  (not  yet  completed),  of  which  116  species  are  here  described 
and  figured.  Of  these  36  are  new  to  science,  and  24  continental 
fonns  new  to  British  lists.  The  authors  remark  that  a  large  pro- 
portion of  the  Oolitic  Lamellibranchiata  had  shells  whose  hinges 
were  either  a  lengthened  hinge-plate  with  a  parallel  series  of  trans- 
verse or  oblique  teeth,  t.  e.  a  hinge  of  the  Arcoid  type ;  or  a  tooth- 
less hinge  of  the  Mytiloid  and  Myoid  types ;  or  a  hinge  with  a 
ligamentary  fossa  only  (as  Pecten  and  its  allies) ;  or  with  the  liga- 
ment inserted  in  distinct  pits  {Perna  and  its  allies).  Shells  with 
cardinal  teeth  constituted  only  a  minority:  hence  the  Fen  eroid  forms 
of  the  ooHtes  are  especially  few  in  number.  The  preceding  parts  of 
this  valuable  monograph  were  equally  rich  in  facts  of  a  general 
character,  and  consequently  now  so  well  known  that  they  need  not 
be  recalled  here. 

Professor  Owen's  instalment  for  1853  towards  his  great  mono- 
graph of  the  British  Fossil  Reptiles  includes  the  Chelonia  Paludinosa 
of  the  Wealden  and  Purbeck  beds.  Eight  species  are  described  and 
figured  (six  of  them  new),  members  of  the  genera  Pleurostemon^ 
Chef  one,  and  Platemys,  Those  of  the  first  named  genus  (four  species) 
are  all  from  the  Purbecks,  those  of  the  two  latter  from  the  Wealden 
beds,  properly  so  called.  So  far,  then,  the  Reptilia  tend  to  support 
the  views  that  I  have  promulgated,  after  a  careful  and  extended 
study  of  the  Dorsetshire  Purbecks  and  Wealdens,  to  the  effect  that 
these  groups  are  not  members  of  one  series  of  freshwater  beds,  but 
perfectly  distinct,  and  indeed  belonging  in  part  (the  Purbecks)  to  the 
Lower,  and  in  part  (the  Wealdens)  to  the  Upper  Mesozoic  epoch. 
During  the  past  summer  I  have  had  occasion  again  to  go  over  the 
sections  in  the  Isle  of  Purbeck,  deliberately  and  in  minute  detail, 
and  I  remain  confidently  of  the  opinion  which  I  put  forth  at  the 
Edinburgh  Meeting  of  the  British  Association  in  1850.  The  detailed 
memoir  on  this  subject,  to  be  amply  illustrated,  is  in  progress,  and  if 
possible  will  be  published  in  the  course  of  the  present  year.  In  the 
mean  time  I  do  not  regret  the  delay,  since  I  have  thereby  been 
enabled  to  work  out  deliberately  numerous  points  requiring  time  for 
their  elucidation. 

The  monograph  of  the  Crag  Mollusca  is  fast  advancing  towards 
completion,  and  the  fresh  part  is  as  remarkable  as  the  former  ones  for 
the  fulness  of  knowledge  of  the  subject  that  has  throughout  charac- 
terized this  important  contribution  to  British  Palaeontology.  Mr. 
AVood  has  spared  no  pains,  and  has  worked  from  the  most  ample 
materials.  The  genera  cf  Bivalves  with  cardinal  teeth  occupy  this 
portion  of  his  treatise.  Of  these  57  species  are  enumerated ;  not  a 
few  are  now  fully  described  and  figured  as  British  fossils  for  the  first 
time,  the  previous  notices  of  them  having  been  restricted  to  a  bare 
mention.  I  would  earnestly  urge  upon  continental  geologists  the 
consideration  of  the  results  at  which  Mr.  Searles  Wood  has  arrived 
in  this  most  careful  monograph.  There  cannot  be  a  doubt  that  the 
epoch  (or  rather  epochs)  of  the  Crag,  was  as  distinct  from  that  of  the 
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present  stage  in  the  world's  history, — ^whether  we  consider  the  physical 
conditions  of  the  area  from  whence  our  data  are  derived,  either  under 
a  climatal  or  an  orographical  aspect,  or  the  natural-history  features 
of  the  population  of  that  area, — as  any  ''dtase"  of  the  upper  or  lower 
Mesozoic  period  was  from  any  proximate  "  etage."  Nay,  the  differ- 
ence was  eren  greater ;  for  the  physical  and  natural-history  characters 
of  the  Pleistocene  epoch  that  intervened  were  ouite  of  as  much  difier- 
ential  importance  as  those  of  either  "  dtage."  Vet  now  that  we  know 
the  Crag  Molluscan  fauna,  we  might  umost  say  perfectly,  no  sane 
naturalist  can  for  a  moment  den^  that  a  large  proportion  of  the 
species  are  positively  identical  with  living  types.  Let  those  who 
would  hastily  draw  a  line  of  death  hetween  the  faunas  of  proximate 
''Stages,"  and  regulate  their  geological  conclusions  accordingly, 
ponder  well  over  this  significant  ^t. 

The  essay  on  the  classification  of  the  Brachiopoda,  by  Mr.  David- 
son, contains  the  conclusions  arrived  at  after  many  years  of  conscien- 
tious labour,  mainlv  devoted  to  this  interesting  order  of  Mollusks, 
for  whose  illustration  we  owe  so  much  to  his  pen  and  pencil.  No 
other  palaeontologist  has  ever  had  so  great  an  amount  of  perfect  mate- 
riab  for  his  particular  task  at  his  command,  and  neither  expense  nor 
labour  has  been  spared  by  our  indefatigable  associate  to  render  his 
monograph  as  perfect  as  possible.  If  any  of  our  brethren  dissent 
from  some  of  his  specific  decisions,  they  must  all  admit  that  they 
have  been  arrived  at  on  no  superficial  grounds.  The  portion  of  Mr. 
Davidson's  work  now  sent  forth  is  entirely  systematic,  and  is  de- 
voted chiefly  to  an  exposition  of  the  characters  and  definition  of 
the  families  and  genera  of  Brachiopoda.  He  admits  33  genera 
assembled  under  10  priticipal  families,  with  some  intermediate  and 
doubtful  or  provisional  groups.  As  he  has  endeavoured  to  define  his 
genera  on  the  strictest  natural  characters,  and  appears  to  have  suc- 
ceeded in  arriving  at  an  arrangement,  in  the  main  sound  and  near 
to  the  truth,  it  becomes  an  inquiry  of  considerable  interest  to  ascer- 
tain how  far  the  ranges  of  these  genera  are  continuous  in  time ;  in 
other  words,  whether  the  theory  of  unique  generic  time-areas  be 
borne  out  among  the  Brachiopoda,  now  that  we  may  be  said  to  have 
attained  so  extensive  a  knowledge  of  their  generic  and  specific  types. 
This  was  doubtless  the  idea  working  in  the  mind  of  Von  Buch,  when 
with  indifferent  materials,  he  attempted  to  fix  the  characters  of  the 
fossil  Brachiopoda,  and  plainly  has  often  influenced  the  numerous 
attempts  at  their  classification  made  by  subsequent  pabeontologists.  I 
have  no  reason  to  suppose  that  an  ^  priori  hypothesis,  connected  with 
either  time-  or  space-distribution,  influenced  Mr.  Davidson  in  coining 
to  his  final  arrangement,  and  therefore  I  have  been  the  more  curious 
to  see  how  far  that  arrangement  accorded  with  geological  considera- 
tions. 

In  the  first  family,  TerebratuUda,  the  typical  genus  Terebrahtla 
(of  which  Terebratulina  and  Waldheimia  are  regarded  as  subgenera), 
the  succession  of  types  is  continuous  from  the  middle  palaeozoic  or 
Devonian  epoch  to  the  present  time ;  whibt  the  other  genera  are 
either  Upper  Mesoxoic,  Tertiary,  and  recent  (as  Terebratella  and 


Digitized  by 


Google 


ANNIVSRSARY  ADDRESS  OF  THE  PRESIDENT.  IxiU 

Arffiope\  exclusiTely  Upper  Mesozoic  (as  Magas),  or  exclusively  re- 
ceul  (as  Bouchardia^  Kraiuna,  and  Morrisia). 

Stringocephalus  follows  as  the  type  of  a  provisional  family,  exclu- 
nrelv  Devonian. 

The  TAecidida,  represented  by  Thecidium  alone,  range  continu- 
ously from  the  Trias  to  the  present  time. 

Tbe  Spiri/erida  concentrate  towards  the  palaeozoic  pole.  In  this 
family  Mr.  Davidson  includes  Spirifer  (with  Spiriferina  and  Cyriia 
as  sections),  Athyrisy  Spirigera,  Uncites  and  Atrypa, 

Rhynchonella^  with  Camerophoria  and  Pefitamerus,  form  a  family 
rnider  the  name  of  Rhynckonellidte.  The  absence  of  perforations  in 
the  shell  is  the  rule  in  this  group.  The  typical  genus  is  one  of  the 
hnks  between  the  paleeozoic  and  present  epoch,  and  has  its  maxi- 
mum in  the  Mesozoic. 

The  Strophomenidte,  Productida,  and  Calceolida  all  concentrate 
in  the  Palaeozoics ;  Leptana  only,  in  the  first  named  family,  extending 
into  the  lower  Jurassic  strata. 

In  the  Craniaday  represented  by  the  single  genus  Crania,  we 
have  a  type  of  Brachiopod  ahnost  equally  present  at  all  epochs.  The 
nearly  allied  group  of  Diseinid^,  though  extending  to  the  present, 
is  generically  concentrated  in  the  Lower  Palaeozoics.  The  same  re- 
mark may  be  made  respecting  the  lAngulida. 

Accepting  the  genera  adopted  by  Mr.  Davidson  as  mutually 
ec^nivalent  groups,  and  regarding  their  distribution  in  time  as  deter- 
mined by  him  from  a  vast  amount  of  specific  materials*  enough  to 
induce  us  to  beheve  that  future  discoveries  will  not  materially  disturb 
any  inferences  drawn  from  the  numbers  as  now  presented  to  ns,  then 
we  arrive  at  several  striking  conclusions  concerning  the  entire  sub-class. 
Regarding  the  Present  and  the  Lower  Paleozoic  epochs  as  oppo- 
site poles  of  time,  we  find  the  generic  types  among  the  Brachiopoda 
concentrate  as  it  were  around  or  towards  each,  whilst  they  depauperate 
towards  the  equatorial  region  of  the  scheme,  about  which  indeed  no 
generic  types  originate.  The  loop-armed  types  are  resnant,  as  it  were, 
anteally,  the  spiral-armed  types  posteally  ;  and  the  latter  are  iu  the 
main  so  dominant,  that  the  Brachiopoda,  as  a  great  assemblage  of 
types,  has  its  major  development  towards  the  past,  its  minor  towards 
the  present,  and  its  zero  in  the  parting  epoch  between  the  palaeozoic 
and  after-ages. 

Some  special  memoirs  on  fossil  Brachiopoda  may  here  be  noticed. 
Mr.  Davidson  has  communicated  an  excellent  tabular  view  of  the 
dasaification  and  distribution  of  the  genera  to  the  '  Bulletin '  of  the 
Geological  Society  of  France;  and  in  our  own  Journal  he  has  described 
and  figured  a  number  of  species  from  the  Devonian  rocks  of  China,  a 
r^ion  where  some  future  palaeontologist  is  hkely  to  reap  a  rich  palae- 
ozoic harvest.  The  remarkable  discoveries  in  the  Has  of  our  own 
country  by  Mr.  Moore  of  Ilminster,  have  found  a  parallel  in  France, 
where  M.  Eugene  Eudes-Deslongchamps,  who  promises  to  be  worthy 
of  the  distingubhed  name  of  his  father,  has  found  numerous  species 
of  Leptana  and  Theeidea  in  the  Liassac  beds  of  several  localities  in 
Calvados.     His  essay,  amply  illustrated,  fonns  part  of  the  newly 
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published  volume  (the  ninth)  of  the  Menioires  de  la  Socicte  Linne- 
enne  de  Normandie,  a  work  in  which  not  a  few  geological  notices  of 
interest  may  be  found.  It  is  indeed  remarkable  that  the  two  genera  in 
question,  the  one  until  lately  regarded  as  characteristically  and  pecu- 
liarly palffiozoic,  and  the  other  as  principally  cretaceous,  should  have 
their  epochs  of  cessation  and  commencement  thus  as  it  were  in 
contact. 

One  of  the  distinctive  features  of  our  science  during  the  year  just 
past,  is  the  monograph  of  Nummulites  by  Vicomte  d'Archiac,  con- 
stituting a  portion  of  the  "  Description  des  Animaux  Fossiles  du 
Groupe  Nummulitique  de  Tlnde."  For  some  time  geologists  have 
looked  forward  anxiously  to  the  appearance  of  this  treatise,  the  fruit 
of  careful  and  conscientious  researches,  conducted  amid  abundant 
materials,  and  guided  by  the  wise,  logical  and  truth-seeking  spirit,  so 
characteristic  of  its  illustrious  author.  They  have  not  been  disap- 
pointed ;  the  resultof  his  labours  is  the  production  of  a  most  valu- 
able memoir,  illustrated  bv  figures  of  the  highest  excellence.  Every 
natural  group  of  organized  beings,  whether  existing  or  extinct,  would 
seem  to  have  its  epoch  of  elucidation,  a  point  of  maximum  in  the 
history  of  its  study,  and  the  accumulation  of  facta  towards  that 
history.  When  the  time  comes,  the  man  is  present  for  the  work  ; 
but  the  right  moment  is  ever  preceded  by  long  series  of  preliminary 
labours,  necessarily  more  or  less  imperfect,  but  not  the  less  essential 
for  the  eventual  right  and  full  understanding  of  the  subject.  We  are 
apt  to  forget  when  all  is  made  clear  to  us,  apparently  as  if  in  a 
moment,  how  we  have  been  progressing  step  by  step  towards  that 
hill-top  from  whence  we  are  enabled  to  command  a  full  and  fair 
view,  and  how  every  movement,  though  not  always  a  straight  one, 
summit-wards,  was  requisite  for  the  attainment  of  an  eventual  posi- 
tion, even  though  what  we  sought  to  see  was  hidden  from  us  during 
our  upward  course.  The  so-cSled  "  discoverer"  is  too  apt  to  attri^ 
bute  to  his  own  individual  efforts  what  is  really  but  the  fruit  of  time, 
and  the  produce  of  the  less  fortunate  labours  of  his  predecessors. 
This  is  not  a  fault  of  M.  d*Archiac ;  conscientiously  and  carefully 
does  he  analyse  and  assign  due  credit  to  the  essays  of  those  who  have 
gone  before  him  in  the  difficult  and  curious  study  to  which  his 
monograph  is  devoted.  Not  fewer  than  200  volumes,  papers,  or 
separate  notes  upon  Nummulites  (the  work  of  128  authors)  are 
analysed  in  his  treatise.  First  in  the  list  is  the  ancient  and  venerable 
name  of  Strabo  ;  among  the  latest  are  our  countrymen  Carpenter, 
Carter,  and  Williamson,  who  have  independently  striven  with  re- 
markable ability  and  success  to  elucidate  the  structure  of  recent  and 
extinct  Rhizopoda,  attracted  to  the  study  by  the  same  mysterious 
but  fortunate  impulse  that  has  simultaneously  directed  the  attention 
of  D'Archiac,  Rutimeyer,  and  numerous  continental  observers  to  the 
same  interesting  subject. 

The  author  descnbes  and  figures  52  species  of  true  Nunamulites. 
Of  these  20  are  entirely  new.  But  these  numbers  give  no  idea  of 
the  laborious  task  performed  in  sifting  and  rectifying  synonymes, 
reconciling  species  in  duplicate,  and  abolishing  useless  names.     The 
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oonfiisioii  that  prevailed  is  instanced  by  the  state  of  knowledge  and 
nomenclature  of  some  22  species  that  were  b^t  known  before.  Of 
these  5  were  placed  in  2  genera,  3  in  5  generic  2  in  4,  1  in  3, 1  in  6, 
1  in  7,  and  1  in  8  different  genera.  Ajmong  the  species,  4  had  re- 
ceived 2  names,  4  others  3  names,  1  four,  3  five,  2  six,  1  seven, 
1  nine,  2  ten,  and  1  eleven  names  ;  so  that  out  of  22  true  species  of 
Nummulites  no  fewer  than  98  reputed  ones  had  been  constructed ! 

M.  d' Archiac  divides  the  history  of  the  study  of  Nummulites  into 
five  epochs.  The  first,  or  fabulous  period,  and  by  far  the  longest 
though  of  least  importance,  commenced  with  the  writers  of  antiquity, 
and,  after  a  long  interruption  during  the  middle  ages,  was  resumed 
after  the  middle  of  the  sixteenth  century  to  extend  into  that  of  the 
ei^teenth.  The  second  period,  more  scientific  than  the  first,  but 
sotrcely  nearer  the  truth,  extended  from  1770*  to  1804,  when  the 
sagacity  of  the  illustrious  Lamarck  commenced  to  shed  a  new  light 
on  the  affinities  of  the  lower  animals.  The  third  period,  from  1804 
to  1825,  was  marked  by  numerous  attempts  towards  a  classification  of 
the  Rhizopoda,  and  NummuUtes  were  described  and  figured  with 
considerable  care,  the  opinion  of  their  Molluscan  and  Cephalopodous 
position  prevailing  in  the  writings  of  naturalists.  The  fourth  epoch 
extended  from  1825  to  1835,  when  zoologists  seem  to  have  settled 
into  a  fixed  faith  about  the  affinity  of  Nummulites  and  Foraminifera 
with  Nautili  and  Cuttle-fishes  (the  doctrine  taught  two  hundred  and 
sbty  years  before  by  Conrad  Gesner),  and  directed  their  attention 
dosely  to  the  structure  and  minuter  classification  of  these  curious 
bodies.  It  was  marked  by  the  commencement  of  the  extensive 
labours  of  Alcide  d'Orbigny  among  the  Foraminifera.  The  fifth  and 
final  epoch  commenced  with  the  notable  discovery  by  F.  Duiardin  of 
the  low  and  Amoeboid  nature  of  the  animal  of  the  Rhizopod,  and  is 
s^alised  by  numerous  and  excellent  researches  into  the  features  and 
forms  of  existing  and  extinct  Foraminifera.  At  length  these  living 
problems  may  be  said  to  be  understood,  and  the  monograph  by  M. 
d'Archiac  himself  fitlv  closes  their  history  for  the  present. 

The  high  geological  value  to  which  the  NummuHtes  and  their  order, 
the  Rhizopoda,  have  speedily  attained  during  the  last  fifteen  years, 
contrasts  curiously  with  the  d^radation  they  have  as  rapidly  under- 
gone during  the  same  period  in  zoological  position,  before  1835 
they  were  generally  regarded  as  Cephalopoda,  and  naturalists  of 
repute  were  not  wanting  who  went  so  far  as  to  describe  even  the 
parts  of  the  minute  cephalopod  that  constructed  the  foraminiferous 
shell.  Thst  they  were  not  Mollusca  was  scarcely  suspected,  though 
half  a  century  before  their  lower  nature  had  been,  on  slender  grounds 
however,  often  maintained.  The  assumption  of  their  elevated  zoolo- 
gical position  led  to  many  an  argument  against  support  of  the  theory 
of  the  prevalence  of  a  warm  climate  during  the  ante-tertiary  epochs, 
from  tne  fact  of  the  abundance  of  chambered  cephalopods  m  the 
ancient  sea-beds  of  now  cold  or  temperate  latitudes.  The  abundance 
of  minute  chambered  Cephalopoda  m  the  North  Atlantic  at  the  pre- 
soit  time,  and  their  almost  universal  distribution,  were  confidently 
appealed  to  as  conclusive  against  the  inference.     Their  number  in 
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the  later  formations,  when  the  genera  of  Ammonitoida  and  Nautiloida 
had  become  scarce  or  disappeared  for  ever,  was  interpreted  only  as  a 
continuance  of  the  same  class  under  new  and  minuter  forms.  Analogy 
was  mistaken  for  affinity ;  and  substitution  of  one  group  for  one  totally 
and  organicaUy  different,  although  in  the  mere  form  of  test  not 
dissimilar,  was  mistaken  for  succession  and  representation  within  the 
sphere  of  one  type.  But  the  discovery  of  Dujardin  led  the  way  to 
an  entirely  new  interpretation  of  the  value  of  the  Rhizopoda,  and  a 
new  view  of  the  part  they  play  in  time.  Proving,  from  good  evidence, 
to  be  among  the  lowest  of  animal  forms,  to  be  in  fact  Protozoa  like 
Amoeba,  but  differing  from  both  Proteus  and  the  animal  element 
of  the  sponge  by  their  investment  with  a  hard  and  symmetrically 
arranged  (generally  in  spiral  symmetry)  exo-skeleton,  it  is  most  inte- 
resting to  note  that  their  advent  and  maximum  development  have  been, 
not  during  the  apparent  dawn  of  Ufe,  but  amid  the  later  epochs,  and 
chiefly  during  those  ages  which  many  palaeontologists  regeord  as  espe- 
cially characterized  by  the  highest  forms  of  the  animal  kingdom. 
Indeed,  so  far  as  we  know  at  present,  the  whole  great  group  of 
Protozoa — ^the  group  that  stands  as  it  were  at  the  very  base  and  con- 
stitutes the  rudiments  of  the  animal  series — is  as  characteristic  of  the 
tertiary  section  of  time  as  the  Vertebrata  themselves  are.  A  com- 
parable pheenomenon  is  becoming  rapidly  manifest  in  the  molluscan 
subkingdom,  now  vastly  increased  by  the  accession  of  the  Polyzoa  to 
its  ranks.  These  curious,  lowly-organized,  zoophytoid  moUusca, 
instead  of  being  the  first  of  their  type  to  appear,  were  preceded  by 
members  of  all  the  higher  orders  of  it,  and  do  not  become  of  much 
chronological  value  until  the  testaceous  forms  of  the  highest  class  of 
MoUusks  occur,  few  and  far  between,  and  lose  their  strength  and 
their  importance. 

The  exquisite  symmetry  and  regularity  of  conformation  of  the 
shells  of  most  recent  and  fossil  Bhizopoda  were  the  chief  sources  of 
the  errors  that  prevailed  so  long  about  their  nature  and  zoological 
position.  The  true  explanation  of  their  structure  appears  to  me  to 
be  that  given  in  detail  by  our  fellow-member  Dr.  Carpenter,  to  the 
effect  that  the  entire  mass,  however  symmetrical  or  regular,  repre- 
sents the  products  by  successive  gemmation  originating  from  a 
sinde  ovum.  It  matters  Uttle  whether  we  regard  each  'joint'  or 
cell  of  a  NummuHte  as  representing  an  individual  or  a  zooid,  pro- 
vided we  r^rd  it  as  an  element  of  the  same  essential  nature  with 
each  poljrpe  of  a  polypidom,  each  cell-animal  of  a  polyzoon,  or  indi- 
vidual of  a  Botryllus.  The  value  of  the  regularity  of  the  whole  is 
not  invalidated,  because  that  whole  is  a  compound  and  not  a  imity, 
and  our  faith  in  the  specific  value  of  the  fossil,  and  its  consequent 
geological  importance,  may  be  as  strongly  based  on  the  constancy  of 
characters  whose  diagnosis  is  drawn  from  the  features  presented  by  a 
congeries  of  individuals  as  from  those  presented  by  a  single  being. 
I  make  this  remark,  because  the  only  serious  objection  that  I  can  take 
to  the  views  of  M.  d'Archiac  touching  the  nature  of  the  NummuHte 
concerns  this  fundamental  point.  When  he  states  as  an  argument 
against  ite  compound  nature,  that,  if  each  of  the  cells  were  the  proper 
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enTelope  of  a  particular  individual,  we  ought  to  find  a  greater  irre- 
gularity in  their  development  in  the  same  shell,  and  asks  why,  if  this 
theory  were  true,  should  the  heights  of  different  coils  of  the  same 
spiral  present  constant  relations,  and  why  the  first  and  last  cells 
snould  be  less  lai^  than  those  of  the  median  whorls,  we  cannot 
accept  the  objections,  for  a  crowd  of  comparable  phsenomena  pre- 
sented bj  the  Sertularian  zoophytes,  animals  having  considerable 
affinity  with  the  Polyzoa,  although  of  higher  organization,  come  to 
our  recollection.  The  variations  of  the  Hydroida,  their  morpho- 
logy and  reproduction,  bear  too.  close  a  relation  to  the  pheenomena 
'  exhibited  by  the  rhizopodous  organism,  to  permit  us  to  r^rd  the 
Nummulite  and  its  allies  as  simple  bodies,  or  to  dispute  the  theory 
of  their  gemmigerous  constitution ;  in  other  words,  the  regulation  of 
their  organization  by  the  law  of  paramorphosis. 

The  stratieraphical  distribution  of  the  Nummulites  is  especially  of 
interest  to  the  geologist.  As  compared  with  the  grand  scale  of 
epochs,  their  reign  was  short,  but  it  was  well-marked  and  compact, 
and  offers  but  one  more  proof  to  the  thousands  now  known  towards 
the  demonstration  of  the  unity  of  time-areas  of  natural  genera,  facts 
that  should  make  us  strongly  hesitate  before  admitting  the  value  of 
apparent  and  daily-decreasing  exceptions,  and  that  shonld  give  us  iresh 
hope  of  the  future  attainment  of  a  knowledge  of  the  grand  laws  re- 
gulating life  in  its  relations  to  time,  and  fresn  faith  in  the  biological 
section  of  the  foundations  of  geology.  The  Nummulites  characterize 
a  portion,  not  the  whole,  of  the  tertiary  epoch.  Though  once,  and 
not  mayy  rears  ago,  Nummulites  were  regarded  to  be  as  probably  in- 
dicative of  the  cretaceous  date  of  a  formation  as  of  its  tertiary  place, 
it  would  now  appear  that,  between  the  nummulitic  tertiaries  ana  true 
cretaceous  strata,  deposits  intervene,  whose  fauna  and  flora  are  such 
that  we  must  regard  them  as  of  tertiary  age.  A  most  interesting  and 
important  feature  of  these  deposits,  traceable  in  the  north-west  of 
Europe,  the  south  of  France,  in  Savoy,  in  Switzerland,  along  the 
southern  slopes  of  the  Alps,  in  Istria,  and  even  in  India,  is,  that  in 
numerous  localities  they  exhibit  evidences  of  a  terrestrial  origin, 
marked  by  the  presence  of  coal,  oflen  accompanied  by  lacustrine  shells, 
and  sometimes  by  freshwater  limestones.  In  facts  of  this  kind  we 
may  get  at  the  true  explanation  of  the  break  between  the  cretaceous 
and  tertiary  faunas,  without  having  recourse  to  prodigious  cataclysms 
or  paroxysmal  elevations  of  mountain  chains,  which,  if  they  did 
occur,  as  might  have  been  the  case,  could  have  made  far  less  im- 
pression on  the  distribution  of  animal  and  vegetable  life,  except  in 
the  immediate  vicinity  of  the  convulsion,  than  slow  and  almost 
imperceptible  changes  affecting  gradually  the  disposition  of  the  geo- 
graphy of  a  wide-spread  area. 

"  Trie  dial  moves,  and  yet  it  is  not  seen,"  paradoxically  writes  an 
old  poet.  Time  cannot  progress  without  change,  however  slow  may 
seem  his  course.  The  true  measure  of  the  extent  and  importance  of 
a  convulsion  (as  well  as  of  the  importance  of  unconformity),  should 
be  the  amount  of  organic  change  that  we  can  trace  to  a  connexion 
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with  the  paroxysm.     And  yet  what  system  of  paroxysmal  elevations 
has  stood  the  trying  test,  when  questioned  on  this  principle  ? 

It  is  of  the  Middle  Eocene  epoch — that  section  of  the  lower  ter- 
tiaries  of  which  the  calcaire-grossier  of  the  Paris  basin  may  be  cited 
as  a  central  type  and  key-stone, — that  the  NummuUtes  are  especially, 
and  apparently  exclusively,  characteristic.  The  supposea  carbo- 
niferous and  oolitic  Nummulites  are  of  too  doubtfiil  a  nature  to  be 
taken  as  exceptions.  There  is,  it  is  true,  a  Nummulite  (iNT.  intermedia) 
found  in  the  Miocene  beds  of  Piedmont,  and  another  (N,  garansenns) 
in  the  Lower  Miocenes  of  the  Pyrenees.  But  I  am  not  inclined  to 
conclude  with  M.  d'Archiac  that  these  rare  exceptions  prove  the 
existence  of  the  last  representatives  of  the  genus  after  tine  Lower 
Tertiary  fauna  had  disappeared,  but  rather  to  cite  them  in  fiivour  of 
the  view  that  I  have  attempted  to  demonstrate,  I  trust  successfully, 
when  describing  during  the  past  year  the  Lower  Tertiaries  of  the 
Hampshire  basin, — to  the  effect  that  the  so-called  Lower  Miocenes  are 
essentially  Lower  Tertiaries  and  a  portion  of  the  true  Eocene  series, 
and  that  the  passage  from  them  into  the  Middle  Eocenes  is  perfect 
and  gradual,  when  we  have  for  our  examination  an  area  presenting  a 
full  sequence  of  deposits. 

Nevertheless  it  is  not  the  less  true  that  the  nummulitic  horizon 
is  distinctly  and  definitely  marked,  and,  from  the  frontiers  of  China 
and  Thibet,  even  to  the  shores  of  the  Atlantic,  occupies  a  fixed 
position  in  the  geological  scale,  a  place  above  and  sidcceeding  the 
horizon  of  the  lower  tertiary  lignites.  The  full  demonstration  of 
this  great  fact  is  a  precious  gain  to  our  science ;  and  when  we  consider 
what  a  vast  area  the  nummulitic  rocks  occupy,  what  mighty  moun- 
tains are  made  up  of  them,  the  prodigious  accumulation  of  indi- 
viduals of  the  fossils  from  which  tney  receive  their  appellation,  and 
the  readiness  with  which  their  age  can  thereby  be  determined,  we 
cannot  but  admit  that  the  elucidation  of  their  history  has  been  a  boon 
of  no  small  value  to  comparative  geology.  This  Rreat  tertiary  for- 
mation extends  across  Europe,  Asia,  and  Africa,  U)nning  a  zone  of 
98^  of  longitude,  comprised  from  south  to  north  between  the  16th 
and  55th  degrees  of  latitude,  and  through  much  of  its  course  exhi- 
biting a  bref^Lth  of  1800  miles.  In  the  Himalaya,  nummulitic  rocks 
attain  an  elevation  of  more  than  14,000  feet. 

It  will  ever  be  a  matter  of  just  pride  to  our  Society,  that  within 
our  meeting-room  and  in  our  proceedings  the  main  task  was  effected 
of  clearing  up  the  mist  that  clouded  so  long  the  geological  history  of 
the  great  nummulitic  formation,  and  that  here  it  was  our  indefa- 
tigable colleague,  Sir  Roderick  Murchison,  effected  this  great  advance 
in  tertiary  geology.  And  now  that  the  palaeontology  of  the  Num- 
mulites has  been  made  as  clear  as  noon-day  by  the  genius  and  labour 
of  M.  d' Archiac,  it  will  ever  be  a  matter  of  congratulation  to  us  that 
the  cabinets  of  our  Society  and  the  collections  of  its  Members  were 
freely  and  heartily  placed  at  his  disposal,  and  have  proved  of  some 
value  towards  enabling  him  to  perfect  his  researches. 

The  discovery,  by  Sir  Charles  Lyell  and  Mr.  Dawson,  of  an  am- 
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phibian  related  to  new-world  types,  and  of  a  probable  land  shell,  of 
the  fiunilj  HelicicUe,  in  the  interior  of  a  fossil  tree  in  the  coal-mea- 
sures of  Nova  Scotia,  has  excited  general  and  deserved  interest,  and 
holds  out  a  promise  of  future  additions  from  unexpected  sources  to 
our  roll  of  paleozoic  animals.  It  is  an  event  of  no  fight  significance. 
The  number  of  palaeozoic  reptiles  is  steadily,  though  ^dually,  in- 
creasing at  home  and  abroad.  A  new  and  highly  curious  form  of 
Labyrinthodont  from  the  Carluke  Coal-shales,  the  Parabatrachus 
CoUi  of  Owen,  has  appeared  on  this  side  of  the  Atlantic  to  support 
our  hope  of  obtaining  sooner  or  later  a  far  larger  list  of  palaeozoic 
air-breathing  animals  than  we  at  present  possess. 

Those  who  are  interested  in  Permian  palaeontology  will  find  a 
valuable  contribution  to  this  subject  in  the  "  Sitzungs-Berichte  der 
Kaiserlichen  Akademie  der  Wissenschaflen  "  for  June  1853.  It  is  a 
memoir  on  the  fauna  of  the  German  Zechstein  formation  by  Baron 
Karl  von  Schauroth.  A  comparison  is  instituted  between  the  Ger- 
man and  English  species  (the  latter  as  described  by  Professor  King), 
and  a  concordance  is  given.  From  the  lists  in  this  paper  it  appears 
that  there  are  61  Permian  species  common  to  Germany  and  England ; 
of  these  21  are  LameUibranchiate  and  17  Palliobranchiate  bivalves. 
The  total  number  of  Grerman  species  is  116,  of  which  21  are  plants. 
In  England  we  have  143,  including  7  plants.  The  total  number  of 
known  Permian  species  is  stated  as  237.  In  a  contribution  to  the 
palaeontology  of  the  Triassic  beds,  an  essay  on  the  organic  remains 
of  the  Muschelkalk  near  Jena,  Dr.  £.  Smid  enumerates  81  species. 
A  strilung  feature  of  the  assemblages  of  fossils  in  both  Permian  and 
Triassic  series  is  the  very  small  number  of  peculiar  generic  types. 
Of  all  the  zones  of  life  in  time,  these  are  the  most  unproUfic  in  new 
and  distinct  generic  types.  Species  they  have  in  plenty  of  their  own, 
but  almost  aU  belong  to  genera  that  are  more  important  either  above 
or  below  their  horizon,  than  they  are  within  them. 

A  long  list  might  be  given  of  recent  papers  on  Oolitic,  Cretaceous, 
and  Tertiary  paleeontology,  all  more  or  less  interesting,  none  without 
its  value.  For  indications  of  most  of  these  (  would  refer  my  hearers 
to  the  excellent  '  Paleeontographica '  of  Dunker  and  von  Meyer,  and 
the  useful  pages  of  the  '  Jahrbuch  *  of  Leonhard  and  Bronn.  The 
memoirs  by  Reuss  on  cretaceous  and  other  fossils  are  especially  de- 
serving of  attention.  In  America,  too,  there  is  much  doing  in  the 
study  of  organic  remains.  The  vertebrata  have  found  a  most  able 
investigator  and  describer  in  Dr.  Joseph  Leidy,  who  promises  to  be 
for  the  United  States  what  Owen  is  to  us.  Much  that  I  could  wish 
to  say  on  the  progress  of  cretaceous  and  eocene  palaeontology  I  must 
for  the  present  reserve ;  and  of  that  of  the  newer  tertiaries  I  will  con- 
fine my  remarks  to  an  important  work,  yet  uncompleted,  the  contents 
of  which  are  equally  worthy  of  notice  at  a  time  when  the  relations  of 
the  middle  and  lower  tertiaries  are  subjects  of  discussion. 

Most  highly,  mdeed,  to  be  commended  is  the  admirably  illustrated 
raon(^;raph  of  the  miocene  mollusca  of  the  Vienna  basin,  published 
at  the  cost  of  the  Austrian  government  and  written  by  Dr.  Homes, 
at  whose  disposal  the  fine  collections  of  Partsch  have  been  placed  for 
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this  special  labour.  The  figures  are  exquisite.  The  fifth  part  ap- 
peared in  1853,  and  contained  monographs  of  the  species  oi  Ranella 
and  Murex  (6  of  the  former  and  43  of  the  latter  genus).  When 
this  work  is  completed  we  shall  be  in  a  better  condition  than  ever  for 
deciding  upon  the  vexata  qutestio  concerning  the  limits  of  the  middle 
tertiaries.  From  the  materiab  already  before  us  we  may  obtain  fore- 
shadowings  of  the  conclusion,  and  it  may  not  be  undesirable  to  ofl^er 
a  few  remarks  suggested  by  the  focts  recorded  by  Dr.  Homes ;  in  other 
words,  by  the  fossil  species  he  has  so  well  described  and  carefully 
elucidated. 

As  far  as  the  work  has  progressed,  the  genera  monographed  are 
canaticulated  Gasteropoda ;  well-marked  types,  that  are  not  Ukely  to 
mislead,  belonging  to  as  many  as  24  genera.  Now,  in  looking  over 
the  lists  of  species  in  each,  several  points  strike  our  attention,  viz. 
1st,  the  great  development  of  species  in  certain  tropical  genera,  or 
genera  in  the  main  tropical,  such  as  Conus  (19  species),  Cypraea  (10 
Bpecies),  Mitra  (13  species),  Terebra  (8  species),  Murex  (43  species), 
Ranella  (6  species) ;  2nd,  the  fact  that  the  species  of  the  more  ex- 
tensive genera  are  mainly  extinct ;  3rd,  the  ract  that  a  considerable 
number  of  existing  mollusks,  characteristically  Mediterranean,  are 
present  in  this  fauna ;  4th,  the  presence  of  very  few,  scarcely  any, 
existing  forms  not  Mediterranean ;  5th,  the  fact  that  whatever  Celtic 
forms  are  present,  such  as  Cypraa  europea,  Erato  Itevis,  Naasa  t»- 
crassata,  Chenopus  pes-pelecani,  and  Murex  erifiaceus,  they  are  shells 
common  to  the  Mediterranean  and  Celtic  faunas,  and  therefore  most 
probably  original  members  of  the  former ;  6th,  the  veiy  large  pro- 
portion of  species  common  to  tertiaries  in  the  north  of  Italy  and  south 
of  France ;  7th,  the  small  number  of  references  to  the  Touraine 
Faluns,  though  those  that  occur  are  of  considerable  significance ;  8th, 
the  small  number  and  doubtful  character  of  the  identifications  with 
eocene  species.  This  faima  seems  as  it  were  to  have  been  the  cradle 
of  the  existing  Mediterranean  fauna,  but  in  the  main  to  have  been 
characteristic  of  the  arms  of  a  great  previous  Mediterranean,  whose 
main  centre  was  tropical,  though  not  a  portion  of  the  Indo-Padfic 
provinces  of  our  times.  It  seems  to  have  had  no  northern  communi- 
cations, at  least  in  the  direction  of  Austria.  Its  tropical  character  is 
not  derived  at  all  from  either  the  presence  of  eocene  species  or  from 
the  stamp  of  an  eocene  fades,  some  great  intervention  of  different 
physical  conditions  over  a  vast  area  must  have  separated  its  epoch 
from  the  latest  eocene  sera.  It  is  decidedly  not  the  fauna  of  the  so- 
called  lower  miocene.  A  well-worked  list  of  more  than  150  species 
warrants  the  suggestion  of  these  provisional  considerations. 

The  search  after  and  description  of  fossil  plants  has  been  actively 

Csecuted  on  the  continent,  and  not  a  few  memoirs,  several  of  them 
utifully  illustrated,  have  appeared  during  the  year.  As  contribu- 
tions of  facts  towards  a  future  understanding  of  Fossil  Botany,  these 
papers  and  figures  are  welcome  and  valuable ;  but  as  palseontological 
data  for  the  service  of  the  geologist,  the  use  and  appreciation  of  them 
requires  the  greatest  judgement  and  caution.  The  vegetable  unit  in 
lists  of  extinct  beings  is  of  far  inferior  value  to  the  animal  unit,  and 
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coDchiaions  respecting  the  age  and  affinities  of  formations  drawn  from 
the  fragments  of  an  ancient  flora  should  always  be  put  forth  as  pro- 
blematical and  provisional.  Yet  in  geological  memoirs  we  too  fre- 
^oently  find  this  caution  lost  sight  of,  or  apparently  unknown  to  their 
authors,  who  sum  up  the  columns  of  animal  and  yegetable  species 
alike,  and  add  the  munbers  together,  as  if  by  diluting  certainties  with 
uncertainties  we  could  come  nearer  a  definite  conclusion.  Every 
botanist  knows  how  difficult  is  the  attempt  to  determine  species  of 
living  plants  from  imperfect  fragments,  how  slight  is  the  clue  in 
many  cases  afforded  by  a  leaf,  and  how  hopeless  the  task  when  he 
has  before  him  only  the  fragment  of  a  stem.  Yet  such  are  the  ma- 
terials from  which  m  nine  cases  out  of  ten  the  describer  of  fossil  plants 
constructs  his  species.  Not  content  with  indicating  the  possible  or 
probable  affinities  of  the  morsel  before  him,  he  confers  upon  it  the 
dignity  of  a  generic  and  specific  name,  and  enrols  it  in  the  catalogue 
of  new  types.  When  the  specimen  presents  characters  so  positively 
different  Arom  any  known  form  whatsoever,  this  proceeding  may  be 
excused ;  but  such  is  not  the  excuse  in  the  majority  of  instances. 
The  nearer  we  approach  our  own  epoch,  the  more  difficult  becomes 
the  task,  and  the  more  are  extreme  care  and  forbearance  demanded. 
With  the  greatest  respect  for  the  distinguished  men  who  have  of  late 
contributed  so  much  towards  our  acquaintance  with  the  floras  of  the 
Tertiaries,  I  cannot  but  think  that  the  positive  nomenclature  they 
have  introduced  into  our  lists  is  quite  as  Ukely  to  retard  as  to  advance 
geology.  Would  that  the  warnings  so  often  and  admirably  pronounced 
within  our  walls  by  my  most  able  friends  and  fellow^members.  Dr. 
Hooker  and  Mr.  Charles  Bunbury,  were  heard  by  some  of  the  palseo- 
phytologists  of  Crermany ! 

Among  the  most  recent  researches  on  this  subject  are  the  labours 
of  Gdppert  on  the  flora  preserved  in  amber.  In  this  ancient  resin 
portions  of  plants,  even  the  flowers,  are  occasionally  preserved  as 
perfectly  as  the  well-known  insect  remains  that  have  so  long  excited 
the  wonder  of  the  curiosity-seeker,  and  yielded  so  rich  a  harvest  to 
the  entomologist.  Of  cellular  plants  59  species  were  noticed  thus 
embalmed  by  the  eminent  botanist  just  mentioned,  and  among  them 
about  two-fifths,  and  possibly  more,  as  existing  forms.  Liverworts  and 
Lichens  being  the  prevailing  identities.  One  Fern  only  b  mentioned. 
The  monocotyledons  are  restricted  to  the  remains  of  an  Alisma,  a 
Carex,  and  portions  of  grasses.  No  fewer  than  5 1  Gymnosperms  are 
noted,  and  among  them  are  identified  Tkutfa  occuientalis,  an  Abies, 
probably  canadetmM,  and  the  Libroeedrus  ehilensis  of  Chih !  Of 
Angiospermous  exogens  42  species  were  found.  Among  these  are 
several  regarded  as  identical  with  living  types,  as  Andromeda  hyp- 
uoides  and  ericoides,  Pyrola  uniflora,  Ferbiucum  thapsi/arme,  and 
SeduM  tematutn.  The  whole  list  and  the  comments  of  the  author 
are  such  as  to  excite  the  greatest  curiosity,  and  to  hold  out  hopes  of 
fresh  results  from  an  investigation  so  likely  to  throw  light  on  the 
dimatal  condition  and  geographical  conformation  of  the  northern 
hemisphere  during  the  late  tertiary  epoch  of  the  formation  of  the 
deposits  in  which  the  amber  occurs.    The  same  author  has  given  an 
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account  of  the  tertiary  flora  of  Java,  with  a  list  of  38  species  all 
marked  as  new.  Dr.  Ettingshausen  has  published  a  finely  illustrated 
memoir  on  the  Fossil  Flora  of  the  Monte  Promina  in  Dahnatia,  mainly 
of  an  eocene  character.  Out  of  45  species  enumerated,  one  is  con- 
sidered identical  with  a  Sheppey  species.  LeaTCs  referred  to  Pro- 
teaceae  and  to  tropical  Leguminosse  and  Laurinese  are  among  the 
more  curious  forms.  But  the  objections  I  have  made  to  the  definitely 
naming  of  fragments  must  be  held  good  against  all  these  papers,  and 
to  the  extensive  and  in  many  respects  highly  yaluable  memoir  of 
M.  Heer  upon  the  tertiary  flora  of  Switzerland'. 

Dr.  Ettingshausen  has  made  the  tertiary  flora  of  Hiring  in  the 
Tyrol  the  subject  of  a  finely  illustrated  and  elaborate  monograph,  one 
of  the  many  beautifully  got-up  scientific  publications  that  have  of  late 
been  issued  at  the  cost  of  the  Austrian  government.  He  describes 
no  fewer  than  180  so-called  'species,'  or,  more  properly  speaking, 
portions  apparently  of  different  plants.  Of  these  73  are  common  to 
the  floras  of  other  localities;  out  of  this  number  41  are  eocene,  9 
miocene,  and  23  species  common  to  eocene  and  miocene.  Proteacese, 
Myrtaceae,  and  Leguminosae  form  as  much  as  a  third  part  of  this 
flora.  The  FlabeUarise  and  Chamaecyparites  remind  us  of  certain 
eocene  plants  of  the  Hampshire  basm.  Compared  with  existing 
floras  the  general  aspect  b  Australian.  The  author  infers  that  the 
climate  was  tropical,  and  ventures  to  pronounce  on  the  probable  mean 
annual  temperature  of  the  region  in  which  these  plants  lived,  deter- 
mining it  to  be  18^  to  21°  R^umur.  In  this  conclusion,  as  well  as 
in  the  decisions  about  species  and  genera,  there  is  a  degree  of  over- 
precision  assumed  to  which  fossil  botany  can  justly  lay  no  claim.  In 
a  previously  published  memoir  on  the  tertiary  flora  of  the  Vienna 
basin,  the  age  of  the  latter  is  stated  to  be  miocene  and  the  climate 
subtropical.  In  these  determinations  scarcely  sufiScient  allowance  is 
made  for  difference  of  locality  and  varying  conditions,  such  as  time 
of  year  of  deposit  and  local  elevation.  The  botanical  differences  be- 
tween the  plant-bearing  beds  of  our  own  eocenes  might  lead  to  con- 
flicting conclusions  were  we  not  well  acquainted  with  their  geological 
affinities. 

M.  de  Zigno  has  announced  the  discovery  of  a  new  locality  in  the 
Vicentin  for  fossil  fishes  of  the  Monte  Bolca  type,  and  a  rich  tertiary 
flora  probably  of  somewhat  later  age.  Of  greater  consequence  and 
general  geological  interest  are  his  investigations  in  a  stratum  of  grey 
Jurassic  Hmestone  containing  vegetable  remains  at  Monte  Spitz  de 
Botzo  in  the  Sette  commune  of  the  Vicentin,  first  indicated  by  Fortis 
towards  the  close  of  the  last  century.  The  bed  lies  upon  oolitic 
strata  containing  Terehratula  spheroideUis,  and  is  covered  by  others 
containing  Ammonites  athleta  and  viator,  Terehratula  diphya,  and 
other  organic  remains  indicative  of  the  horizon  of  our  Oxford  day 
and  Kellowa/s  rock.  M.  de  Zigno  regards  the  plant-bearing  bed  as 
the  equivalent  of  the  Great  OoUte,  or  thereabouts.  He  has  obtained 
more  than  400  specimens  from  the  locaHties  where  it  appears.  ^All 
the  plants  are  of  terrestrial  origin,  and  bear  the  strongest  analogy  to 
the  oolitic  floras  of  Scarborough  and  Mamers.     The  number  of  spe- 
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CIC8  does  not  exceed  40,  but  the  majority  are  new.  They  belong  to 
the  genera  EquisetiteSy  Sagenopteris,  Cycadites,  Zamites,  Otozamitesy 
Arauearite$y  and  Braehyphyilum.  The  Cycadea,  and  especially  the 
Otozamitea,  predominate.  M.  de  Zigno  is  about  to  publish  a  mono- 
gn^h  of  his  highly  important  discoyeries,  and  it  is  to  be  hoped  that 
British  geologists  will  render  him  due  assistance,  the  more  so  as  all 
stodents  of  the  English  and  Scottish  oolites  must  feel  greatly  inter- 
ested by  this  announcement. 

But,  on  the  risk  of  taking  subjects  out  of  the  order  of  time,  I  must 
not  omit  to  notice  progress  in  the  old  and  favourite  direction  of  the 
T^tation  of  the  carboniferous  epoch  and  the  origin  and  working  of 
coid.  The  pi4>er8  by  Mr.  Dawson  and  Mr.  Poole  on  the  pheenomena  of 
the  ooal-formadon  of  Nova  Scotia  are  contributions  to  this  subject  of 
very  high  interest,  and  are  accessible  in  the  pages  of  our  own  Journal. 
An  excellent  sketch,  not  without  original  matter,  of  the  natural  history 
of  coal  and  the  *'  Fossil  Flora  of  the  Mountain  Limestone  formation  of 
the  Eastern  Borders,"  by  Mr.  George  Tate,  appended  to  Dr.  John- 
ston's delightful  work  on  the  Natural  History  and  Antiquities  of  the 
Eastern  Borders,  well  deserves  the  notice  of  the  geologist  and  student 
of  fossil  plants.  Circumstances  of  commercial  interest  have  directed 
the  attention  of  many  men  of  science  during  the  past  ^ear  to  the  in- 
vestigation of  the  nature  of  coal,  and  attempts  at  a  strict  and  unmis- 
takeable  definition  of  what  coal  is  has,  I  fear,  after  carefully  reading 
all  that  has  been  said  upon  it,  taken  up  in  vain  much  of  the  time  ana 
Uiought  of  both  philosophers  and  lawyers.  Coal  has  become  a  geo- 
logical chameleon.  Opinions  on  this  vexed  question  must  necessarily 
vary  according  to  the  point  of  view,  whether  chemical,  or  geological, 
or  mineralogiad,  or  microscopical,  at  which  we  regard  it.  By  making 
an  ^  priori  rule  as  to  what  coal  should  be,  any  man  may  arrive  at  a 
strict  specific  character,  and  more  than  one  view  of  the  matter  may 
be  right. 

Petrological  Inquiries. 

The  oiten-discussed  subject  of  cleavage,  about  which  so  many  geo- 
logists are  at  variance,  has  been  treated  in  a  fresh  and  novel  manner 
by  Mr.  Sorby,  who  has  communicated  an  essay  of  singular  interest, 
"  On  the  Or^  of  Slaty  Cleavi^,"  to  the  Edinburgh  New  Philoso- 
phical Journal  for  last  year.  This  diligent  observer  has  called  the 
microscope  to  the  aid  of  the  hammer  and  clinometer.  By  an  exami- 
naticHi  of  extremely  thin  sections  of  rocks  under  high  powers  (that 
which  he  recommends  as  most  generaUy  useful  for  the  purpose  in 
view  is  about  400  hnear),  he  has  been  enabled  to  throw  new  Ught  on 
some  of  the  greater  geological  problems ;  among  others  that  of  the 
canse  6f  slaty  cleavage.  For  tne  examination  of  slate  rocks  he  re- 
commends the  use  of  a  polarizing  microscope.  The  physical  struc- 
ture and  the  optical  properties  of  the  component  mmerals  may  be 
identified  thus,  even  when  in  grains  less  than  -nji^th  of  an  inch  in 
diameter.  A  comparison  of  sections  of  uncleaved  with  those  of  cleaved 
rocks,  having  similar  mineral  composition,  shows  that  the  minute  par- 
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tides  are  differently  arranged  in  each.  The  alteration  of  the  arrange- 
ment in  the  latter  case' is  such  as  would  result  from  the  rocks  having 
suffered  a  change  of  dimensions,  heen  greatly  compressed  in  a  line 
perpendicular  to  cleavage,  and  elongated  to  a  certain  extent  in  Uie 
line  of  its  dip.  Of  these  changes  there  are  evidences  afforded  also  by 
the  diminution  in  the  distance  between  any  two  points  lying  in  the 
line  of  pressure  in  contorted  beds,  the  dimensions  of  the  beds  in  dif- 
ferent parts  of  contortions,  the  change  in  the  dimensions  of  the  organic 
remains,  and  the  arrangement  of  the  green  spots  so  generally  seen  in 
Welsh  slates,  and  resulting  probably  from  original  concretions.  These 
spots,  Mr.  Sorby  remarks,  in  rocks  without  cleavage  are  almost  per- 
fect spheres,  or  are  elongated  in  the  plane  of  bedding.  In  cleaved 
rocks  they  are  like  the  minute  particles  compressed  in  a  Une  perpen- 
dicular to  the  cleavage,  and  more  or  less  elongated  in  the  line  of  its 
dip.  The  result  of  Mr.  Sorby's  inquiries  is  the  strong  support  of 
the  mechanical  theory  of  cleavage,  and  a  confirmation  of  the  observa- 
tions of  Professor  PluUips  and,  partially,  of  the  liews  maintained  by 
Mr.  Sharpe,  from  whom  Mr.  Sorby  differs  in  maintaming  that  the 
particles  in  general  have  suffered  a  change  of  position  without  actual 
compressing  or  crystalline  arrangement.  Mr.  Sorby  maintains  that  it 
is  not  possible  to  reconcile  the  mechanical  facts  noticed  in  his  essay 
with  the  supposition  of  an  electrical  action  or  other  non-mechanical 
agent  being  the  efficient  cause  of  the  pheenomenon  of  cleavage.  By 
ingenious  experiments  he  has  been  able  to  produce  similar  arrange- 
ments of  minute  particles  with  those  observed  bv  him  in  nature,  all 
favourable  to  the  theory  which  he  so  ably  upholds. 

In  the  West  Riding  Geological  Pfoceedings,  Mr.  Sorby  has  a  paper 
on  the  oscillation  of  the  currents  that  drifted  the  sandstone  beds  of  the 
south-east  of  Northumberland,  and  on  their  general  direction  in  the 
coal-field  in  the  neighbourhood  of  Edinburgh.  By  careful  study  of 
the  minuter  characters  of  the  drift-structure  in  sandstone, — more  mi- 
nutely and  closely  than  has  hitherto  been  done, — Mr.  Sorby  proposes 
to  arrive  at  definite  results  concerning  the  precise  directions,  charac- 
ters, and  velocity  of  the  currents.  The  instances  given  in  this  essay^ 
which  may  be  regarded  as  the  prodromus  of  more  extensive  memoirs, 
are  most  interesting,  and  warrant  the  conclusions  at  which  he  has 
arrived  so  far.  I  am  convinced  that  the  path  chosen  by  Mr.  Sorby 
is  one  of  very  great  consequence  to  the  future  progress  of  geology, 
and  that  by  methods  similar  to  those  which  I  have  advanced  and  put 
in  practice  in  the  observation  in  the  field  of  the  distribution  of  organic 
remains  in  strata,  viz.  the  observation  and  careful  noting  of  phaeno- 
mena,  inch  by  inch,  is  as  sure  to  yield  valuable  results  to  the  purely 
physical  as  to  the  natural-history  observer.  The  smallest  of  facts  is 
not  only  worthy  of  notice  and  record,  but  may  often  prove  to  be  the 
key  by  which  we  are  enabled  to  acquire  a  philosophical  knowledge  of 
the  rock-masses  we  are  studying.  The  geology  of  no  region,  however 
extensive  or  however  limited,  can  be  said  to  be  done  until  its  minute 
as  well  as  its  more  conspicuous  constitution  has  been  fully  and  fairly 
made  out.  Hitherto  this  has  rarely  been  attempted,  and  perhaps  our 
science  is  not  yet  ripe  for  an  extensive  employment  of  the  method. 
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The  microscopic  researches  of  Mr.  Sorby  on  the  structure  of  fresh- 
water marls  and  limestones  open  out  a  new  field  for  inquiry  as  yet 
little  more  than  indicated.  The  idea  of  ascertaining  the  origin  of 
the  structure  through  a  determination  of  the  forms  of  the  minute 
particles  into  which  shells  resolve  themselves  by  decay,  and  of  esti- 
mating the  relative  proportions  of  the  microscopic  ingredients  of  a 
rock  by  delineating  on  paper  the  outUnes  of  the  particles  present  in 
a  thin  section  of  the  stone  with  the  aid  of  the  camera  lucida,  then 
cutting  them  out  and  weigliing  the  figures  of  each  kind  separately^  is 
a  process  I  believe  wholly  new  in  geological  research  and  due  to  our. 
ingenious  associate.  The  value  of  the  proceeding  may  be  tested  by 
the  results,  which,  so  far  as  they  are  published,  are  excellent.  So 
long  as  the  microscope  thus  employed  is  guided  by  a  practical 
geologist,  our  science  will  be  a  gainer  by  this  kind  of  investiga- 
tion. 

The  distinction  of  all  granites  into  two  species  or  varieties,  each 
characterized  by  mineralo^cal  and  geological  peculiarities,  has  been 
forcibly  insisted  on  by  M.  Delesse,  and  illustrated  from  his  researches 
among'  the  rocks  of  the  Vosges  mountains.  He  distinguishes, — 1st, 
the  *  granites  des  Balloiis,'  containing  little  quartz,  orthose  in  large 
crystals,  felspar  (of  the  6th  system),  dark  mica  aflFected  by  acids,  and 
frequently  hornblende,  ordinarily  accompanied  by  sphene ;  and,  2nd, 
the  '  granite  des  Vosges,'  mainly  made  up  of  quartz  and  orthose,  with 
the  addition  of  a  Uttle  felspar  (of  the  6th  system),  dark  mica  affected 
by  acids,  and  transparent  mica  in  smaller  quantities  not  affected  by 
acids.  This  granite  often  takes  a  gneissoid  structure.  The  former 
kind  is  eruptive,  and  constitutes  the  more  elevated  portions  of  the 
granitic  chain ;  the  latter  has  rather  the  characters  of  a  metamorphic 
rock.  The  distinction  between  the  two  sorts  is  not  merely  local,  and 
has  been  observed  by  M.  Delesse  in  not  a  few  granitic  localities ; 
among  other  regions,  in  Ireland. 

In  a  memoir  on  the  mineralogical  and  chemical  constitution  of  the 
rocks  of  the  Vosges,  M.  Delesse  discusses  those  phaenomena  of  me- 
tamorphism  characterized  by  felspathization,  that  is,  by  the  develop- 
ment of  crystals  of  felspar  (of  the  sixth  system)  in  ancient  stratified 
rocks.  To  these  felspathised  rocks  of  the  Vosges  he  applied  the 
name  Grauwacke,  a  term  by  which  he  proposes  to  designate  every 
sedimentary  rock,  whatever  be  its  age  or  structure,  in  which  crystals 
of  felspar  of  the  sixth  system  have  become  developed.  I  am  in- 
clined to  object  to  the  revival  of  the  name  Grauwacke  in  the  present 
stase  of  geological  research ;  it  has  been  used  so  variously,  loosely, 
and  indefinitely  that  it  had  better  be  wholly  dropped  from  our  no- 
mendature.  The  sense  in  which  it  is  used  by  M.  Delesse  is  not  that 
in  which  the  majority  of  geological  writers  have  employed  it,  and 
since  the  class  of  rocks  to  which  he  would  restrict  the  name  are 
highly  important  and  well  deserving  of  specific  distinction,  the  in- 
vention of  a  new  term  would  not  only  have  been  excusable,  but  also 
of  good  service.  The  question  may  arise  whether  the  apparent  fel- 
spathization, in  the  sense  in  which  this  word  is  used  by  M.  Delesse, 
may  not  in  some  instances  rather  depend  upon  the  original  difiusion 
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of  felspar  crystals  through  a  sedunent  derived  from  showers  of  vol- 
canic ash,  constituting  thus  a  rock  of  which  numerous  instances  are 
familiar  to  the  explorers  of  our  paleeozoic  districts. 

The  line  of  research  chosen  hj  M.  Delesse  in  the  papers  just  no- 
ticed, and  many  others  from  his  pen,  is  one  sure  to  be  productive  of 
valuable  results.  The  mineralogy  of  rock  masses  is  of  great  conse- 
quence to  the  geoloeist,  but  to  be  satisfactorily  treated  must  be  dealt 
with  by  inquirers  who  are,  like  the  author  cited,  practical  geolo^ts, 
and  ready  at  the  same  time  to  avail  themselves  fully  of  the  aid  of 
chemistry.  The  treatment  of  the  majority  of  simple  minerals  falls, 
in  the  main,  within  the  sphere  of  the  chemist ;  so  much  so,  that  we 
might  almost  be  warranted  in  regarding  mineralogy  as  the  palaeonto- 
logy of  chemistry. 

Among  the  "  general  observations"  prefixed  to  the  new  volume  of 
M.  D'Archiac's  History  are  some  brief  but  profound  remarks  on  pe- 
trographical  changes,  and  on  the  distinctions  between  the  greater 
metamorphism  of  sedimentary  formations  and  the  lesser  or  metamor- 
phism  of  contact,  the  latter  lieing  dependent  on  the  action  of  igneous 
causes.  The  author  calls  attention  to  the  fact  of  consolidation  and 
tendency  to  metamorphism  in  the  sedimentary  strata  of  mountain 
masses,  exhibited  by  the  hardening  of  the  limestones,  their  tendency 
to  assume  certain  peculiarities  of  colour  and  frequently  subcrystalline 
and  even  saccharoid  textures,  the  conversion  of  the  marls  and  sandy 
clays  into  schistose  beds,  and  the  indurated  and  compact  characters 
of  the  sandy  elements.  On  the  other  hand,  the  continuations  of  the 
same  beds,  when  forming  horizontal  table-lands  or  extended  plains, 
composed  of  conformable  and  undisturbed  strata,  exhibit  entirely 
distinct  mineral  characters,  being  comparatively  unsoUdified  and  put- 
ting on  very  different  features  of  colour  and  texture.  These  differ- 
ences between  the  same  set  of  rocks — ^in  the  one  case  disturbed, 
crumpled  up  and  contorted,  in  the  other  resting  almost  in  their  ori- 
ginal repose — are  exhibited  by  formations  of  all  ages  indifferently, 
and  would  lead  to  the  inference  that  the  greater  metamorphism  is 
mainly  due  to  energy  of  dynamical  causes. 

Although  properly  the  subject  should  be  mentioned  under  a  distinct 
head,  I  mav  here  allude  to  Mr.  Tylor's  interesting  essay  on  the  changes 
of  sea-level  effected  by  existing  physical  causes  during  stated  periods 
of  time,  a  paper  aboimding  in  suggestions  of  general  interest  and  in 
curious  calculations.  As  the  author  continues  to  pursue  the  same 
line  of  inquiry,  it  would  be  premature  to  discuss  his  conclusions 
now. 

Still  more  distinct  and  far  less  practical  in  its  theme  is  Mr.  Saull's 
pamphlet  treating  of  the  connexion  of  geological  phaenomena  vnth 
astronomical  causes. 

Text-books. 

The  spread  of  a  love  for  geology  among  the  people  and  students  of 
science  has  its  surest  indication  in  the  appreciation  of  text-books  and 
synoptical  treatises.  The  year  1853  has  not  been  behind  in  affording 
evidences  of  the  popular  appreciation  of  our  science.     That  great 
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standard  of  geological  philosophy,  the  '  Principles  of  Geology/  hy 
Sir  Charles  Lyell>  has  reached  a  ninth  edition,  one  carefimy  and 
learnedly  brought  up  to  the  ever-increasing  knowledge  of  our  day. 
A  second  edition  has  appeared  of  the  '  Greological  Observer,'  a 
volume  in  which  Sir  Henry  De  la  Beche  embodies  the  fruit  of 
years  of  fieldwork  and  reflection.  A  new  elementary  work  of  pe- 
culiar merit,  entitled  '  Popular  Physical  Geology,*  has  come  from  the 
pen  of  Mr.  Jukes :  this  Httle  book  may  be  studied  with  advantage 
by  the  most  experienced,  and,  keeping  as  it  does,  in  a  style  highly 
commendable  for  perspicuity  and  nerve,  the  leading  physical  kws 
and  facts  of  the  science  before  the  reader,  unmixed  with  palseontolo- 
gical  statements  and  conclusions,  will  serve  as  a  wholesome  corrective 
of  a  tendency  to  regard  too  exclusively  its  biological  aspects,  a  bias 
on  the  part  of  geologists  which  a  naturalist  holds  quite  as  much  in 
dread  as  the  sternest  mineralogist  or  dynamical  observer.  A  useful 
companion  to  elementary  treatises  in  the  form  of  an  engraved  table 
of  tne  characteristic  fossils  of  the  several  formations  has  been  sent 
forth  by  Mr.  Lowry.  A  new  edition  of  Professor  Pictet's  *  Manual 
of  Palaeontology,*  by  far  the  best  work  of  its  kind,  is  a  welcome  con- 
tribution to  our  geological  hbraries ;  and  the  same  may  be  said  of 
Professor  Phillips's  *  Geology,'  and  of  the  lamented  Dr.  Mantell's 
*  Medals  of  Creation,'  edited  by  Mr.  Rupert  Jones.  Among  ele- 
mentary works  that  have  appeared  on  the  continent  is  one  by  the 
illustrious  veteran  Omalius  D'Halloy,  and  in  America  Professor  Hitch- 
cock and  Messrs.  Adams  and  Gray  have  sent  forth  introductory 
treatises. 

Conclusion. 

In  the  course  of  this  Address  I  have  used  some  expressions  that^ 
as  far  as  I  am  aware,  are  new  to  geological  language,  and  involve  an 
idea  which,  although  hypothetiaJ,  I  wish  to  put  forth  upon  this  oc- 
casion. I  am  strongly  impressed  with  the  beUef,  that,  fanciful  though 
it  may  seem,  there  is  within  it  the  germ  of  a  great  geological  truth. 
I  have  spoken  of  genera  concentrating  towards  the  palaeozoic  pole» 
and  vice  versd,  of  the  substitution  of  groups,  and  the  opposition  of 
the  more  ancient  to  the  mesozoic  and  modem  faunas.  The  phrases 
have  been  incidental,  and  arose  naturally  out  of  the  subjects  under 
commentary,  but  the  idea  that  hes  at  the  base  of  them,  whether  true 
or  fallacious,  requires  to  be  stated,  and  there  cannot  be  a  better  oppor- 
tunity than  the  present  for  venturing  to  start  this  fresh  geol(^cal 
hare. 

Every  geologist  whose  studies  have  been  equally  or  nearly  equally 
directed  to  the  or^ic  pheenomena  of  the  three  great  sections  of  time 
usually  received,  Paleeozoic,  Mesozoic,  and  Tertiary  or  Cainozoic,  can- 
not fail  to  have  been  struck  with  the  greater  value  of  the  difference 
between  the  first  or  oldest  section  and  the  two  newer  divisions  taken 
together,  than  between  the  first  and  middle  terms  and  between  the 
laUer  and  the  last.  The  degree  of  organic  difference  between  the 
upper  mesozoic  and  the  lower  tertiary  epochs  is  rather  more,  but 
only  slightly  more,  than  the  d^;ree  of  difference  between  the  lower 
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and  upper  sections  of  the  great  mesozoic  period.  But  the  gap  be- 
tween paleeozoic  and  mesozoic,  although  the  link  be  not  altogether 
broken,  is  vastly  greater  than  any  other  of  the  many  gaps  in  the 
known  series  of  formations.  I  am  one  of  those  who  hold,  h  prioriy 
that  all  gaps  are  local,  and  that  there  is  a  probability  at  some  future 
time  of  our  discovering  gradually  somewhere  on  tne  earth's  crust 
evidences  of  the  missing  hnks.  All  our  experience  and  knowledge, 
theoretical  and  practical,  warrant  the  affirmation  that  at  every  known 
stage  of  geological  time  there  were  sea  and  land.  Even  those  who 
believe  in  a  primaeval  azoic  period  will  hardly  sanction  the  supposition 
that  there  has  been  any  repetition  of  azoic  epochs  since  the  first  fife- 
bearing  eera  commenced.  And  if  so,  and  if  there  were  always  sea  and 
land  since  the  commencement  of  the  first  fossiliferous  formation,  we 
are  warranted  in  assuming  that  both  earth  and  water  had  their  floras 
and  their  faunas.  AU  geological  experience  goes  to  show,  that  wherever 
you  have  a  perfect  sequence  of  formations  accumulating  in  the  same 
medium,  air  or  water  as  the  case  may  be,  there  is,  if  not  a  continuance 
of  the  same  specific  types,  a  graduated  succession  and  interlacement 
of  types  and  of  the  facies  of  Ufe-assemblages :  even  as  on  the  present 
surface  of  the  earth  the  faunas  and  floras  of  proximate  provinces  in- 
termingle more  or  less  specifically,  or,  if  physical  barriers  prevent  the 
diffusion  of  species,  assume  more  or  less  one  general  facies.  This 
passage,  by  aspect  and  tjrpe,  of  one  stage  in  time  into  another  is  but 
scantuy  indicated  at  present  in  the  uppermost  manifestations  of  the 
palaeozoic  life  and  the  lowermost  of  the  mesozoic.  The  missing  links 
will  sooner  or  later  reward  the  diligence  of  the  geological  explorer. 

But  in  the  general  aspect  of  the  paleeozoic  world,  contrasted  with 
the  worlds  of  fife  that  followed,  although  all  are  evidently  portions 
of  one  mighty  organic  whole,  there  seems  to  me  to  be  something  more 
than  the  contrast  that  depends  on  the  loss  or  non-discovery  of  con- 
necting Unks.  There  is  more  than  we  can  explain  by  this  theory. 
Granting  for  its  support  all  facts  capable  of  being  so  applied,  there 
are  residual  pheenomena  to  be  accounted  for,  and  which  as  yet  have 
not  been  referred  to  any  law  that  I  know  of. 

For  some  years  I  have  lived  in  hope  of  the  discovery  of  a  palaeozoic 
fauna  and  flora  more  in  accordance  with  those  of  afler-epcchs  than 
those  we  know,  and  fondly  fancied  that  local  differences  of  physical 
conditions  alone  might  account  for  the  discordance.  But  the  fields 
opened  by  Murchison,  Sedgwick,  and  Phillips  have  been  so  extended 
and  have  yielded  such  rich  harvests  at  the  hands  of  James  Hall  and  his 
fellow-explorers  in  America,  and  of  Barrande,  de  Koninck,  de  Vemeuil, 
the  Romers  and  Sandbergers,  M*Coy,  King,  Salter,  Roualt,  and  many 
other  able  palaeontologists  who  have  worked  at  palaeozoic  fossils  in 
Europe,  that  it  is  becoming  evident  that  we  have  before  us  a  fair  and 
true  image  of  at  least  the  marine  aspect  of  the  primaeval  group  of 
faunas.  The  more  they  are  investigated,  the  wider  the  ground  ^s 
explored,  the  more  striking  is  the  difference  in  the  main  between  the 
life  palaeozoic  and  the  after-life. 

Doubtless  a  principal  element  of  this  difference  lies  in  substitution 
— in  the  replacement  of  one  group  by  another,  serving  the  same  pur- 
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pose  in  the  world's-  (Economy.  Paradoxical  must  be  the  mind  of  the 
man,  a  mind  without  eyes,  who  in  the  present  state  of  research  would 
deny  the  limitation  of  natural  groups  to  greater  or  less,  but  in  the 
main  continuous,  areas  or  sections  of  geological  time.  Now,  that 
greater  and  lesser  groups — ^genera,  subgenera,  families,  and  orders, 
as  the  case  may  be — or,  in  truer  words,  genera  of  different  grades  of 
extent — ^have  replaced  others  of  similar  value  and  served  the  same 
purpose  or  played  the  same  part,  is  so  evident  to  every  naturalist  ac- 
quainted with  the  geological  distribution  of  animals  and  plants,  that 
to  quote  instances  would  be  waste  of  words.  This  replacement  is 
^ubstitutian  of  group  for  group —bl  phsenomenon  strikingly  conspi- 
cuous on  a  grand  scale  when  we  contrast  the  palaeozoic  with  the  afler- 
faunas  and  floras.  A  single  instance  of  these  greater  substitutions 
may  be  cited  to  assist  my  argument,  viz.  the  substitution  of  the  La- 
mellibranchiata  of  later  epochs  by  the  Palliobranchiata  during  the 
earUer.  In  this,  as  in  numerous  other  instances,  it  is  not  a  total  re- 
placement of  one  group  by  another  that  occurred  ;  both  groups  were 
represented  at  all  times,  but  as  the  one  group  approached  a  minimum 
in  the  development  of  specific  and  generic  types,  the  other  approached 
a  maximum,  and  vice  versd,  I  think  few  geologists  and  naturalists 
who  have  studied  both  the  palaeozoic  and  the  afler — I  must  coin  a  word 
— neozoic  mollusca  will  doubt  that  a  large  portion  of  the  earlier  Bra- 
chiopoda — the  Productidae  for  example— performed  the  offices  and 
occupied  the  places  of  the  shallower-water  ordinary  bivalves  of  suc- 
ceeding epochs. 

Now  in  this  substitution  the  replacement  is  not  necessaiily  that  of 
a  lower  group  in  the  scale  of  organization  by  a  higher.  There  is  an 
appearance  of  such  a  law  in  many  instances  that  has  led  over  and 
over  again  to  erroneous  doctrines  about  progression  and  development. 
The  contrary  may  be  the  case.  Now  tnat  we  have  learned  the  true 
affinities  that  exist  between  the  Bryozoa  and  the  Brachiopoda,  we 
can  see  in  these  instances  the  zoological  replacement  of  a  higher  by 
a  lower  group,  whilst  in  the  former  view,  equally  true,  of  the  replace- 
ment of  the  Brachiopoda  by  the  Lamellibranchiata,  a  higher  group  is 
substituted  for  a  lower  one.  Numerous  cases  might  be  cited  of  both 
categories. 

But  can  we  not  find  something  more  in  these  replacements  and  in- 
terchanges than  mere  substitvtion,  which  is  a  phaenomenon  mani- 
fested among  minor  and  major  groups  within  every  extended  epoch  ? 
♦  Is  there  no  law  to  be  discovered  in  the  grand  general  grouping  of  the 
substitutions  that  characterize  the  palaeozoic  epoch  when  contrasted 
with  all  after-epochs  considered  as  one,  the  Neozoic  ?  It  seems  to 
me  that  there  b,  and  that  the  relation  between  them  is  one  of  con- 
trast and  opposition — ^in  natural-history  language,  is  the  relation  of 
Polarity. 

The  manifestation  of  this  relation  in  organized  nature  is  by  con- 
trasting developments  in  opposite  directions.  The  well-known  and 
often-cited  instance  of  the  opposition  progress  of  the  vegetable  and 
animal  series,  each  starting  from  the  same  point — the  point  at  which 
the  animal  and  v^table  organisms  are  scarcely  if  at  all  distmguish- 


Digitized  by 


Google 


IXXX  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

able, — may  serve'  to  illustrate  the  idea,  and  make  it  plain  to  those 
to  whom  the  use  of  the  term  Polarity  in  geological  science  may 
not  be  familiar.  In  that  case  we  speak  of  two  groups  being  in  the 
relation  of  polarity  to  each  other  when  the  rudimentary  forms  of  each 
are  proximate  and  their  completer  manifestations  far  apart.  This  re- 
lation is  not  to  be  confounded  with  divergence,  nor  with  antagonism. 
If  we  take  the  scale  of  geological  formations,  representing  the  suc- 
cession of  the  leading  divisions  of  time,  and  note  for  each  of  the 
«pochs  the  known  generic  types  present  during  its  duration,  we  shall 
find  there  is  not  an  equahty  of  production,  so  to  speak,  at  all  times 
of  fresh  generic  ideas.  Genera  have  appeared,  as  it  were,  in  batches. 
I  am  forced  to  use  expressions  that  seem  almost  irreverent,  and  a 
phraseology  of  a  loose  and  popular  kind,  in  order  to  convey  the  more 
vividly  my  meaning.  To  talk  of  the  appearance  of  a  genus,  that  is, 
the  appearance  of  an  ideal  type,  is  loose  language  I  am  aware,  but 
its  meaning  or  intention  can  scarcely  be  misunderstood.  In  the  in- 
dividuals of  a  species  only  can  we  have  the  embodiment  of  a  generic 
idea ;  but  in  discussing  a  question  of  the  kind  I  am  considering  it  is 
convenient  to  use  the  word  genus  as  if  it  were  a  realized  unit  and  an 
entity.  We  speak,  as  it  were,  through  a  diagram.  Now  if  com- 
mencing, upon  our  scale,  at  the  dawn  of  the  palaeozoic  epoch,  and 
aoting  the  beginning  of  genera  or  groups  from  the  first  known  fauna 
up  to  the  advent  of  man  at  the  termination  of  the  so-called  tertiary 
epoch,  we  cannot  fail  to  perceive  the  following  general  facts : — 

1 .  During  the  earlier  and  middle  stages  of  the  palaeozoic  epoch 
there  was  a  great  development  of  generic  ideas. 

2.  During  the  middle  and  later  stages  of  the  neozoic  epoch  there 
was  a  great  development  of  generic  ideas. 

3.  During  the  terminating  stages  of  the  palaeozoic  epoch  the  ori- 
ginadon  of  generic  ideas  was  very  scantily  manifested. 

4.  During  the  commencing  stages  of  the  neozoic  epoch  the  origi- 
nation of  generic  ideas  was  very  scantily  manifested. 

5.  The  majority  of  generic  ideas  that  originated  during  the  pa- 
laeozoic epoch  belong  to  groups  (of  various  degrees  of  generic  inten- 
sity) which  are  characteristically  palaeozoic,  t.  e.  have  their  maximum 
development  and  variety  during  the  palaeozoic  epoch,  or  else  are  even 
exclusively  palaeozoic. 

6.  The  majority  of  generic  ideas  that  originated  during  the  neozoic 
epoch  belong  to  groups  which  are  characteristically  neozoic  in  the 
nama  manner. 

7.  The  minimum  development  of  generic  ideas  in  time  is  at  or 
about  the  passage  or  point  of  junction  of  the  palaeozoic  and  neozoic 
epochs. 

8.  Groups  characteristically  palaeozoic  swell  out,  as  it  were,  in  a 
direction  towards,  not  from,  the  commencement  of  the  palaeozoic 
epoch. 

9.  Groups  characteristically  neozoic  swell  out  in  a  direction  ^^ymr 
the  commencement  of  the  neozoic  epoch. 

That  there  are  apparent  exceptions  to  these  general  facts  I  do  not 
pretend  to  deny,  but  the  rules  are  so  much  more  powerful  than  the 
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exceptions  that  we  may  safely  wait  with  confidence  for  the  explana- 
tion of  the  seeming  anomalies  daring  the  course  of  the  progress  of 
research. 

Now  there  is  bat  one  conclusion  that  can  be  drawn  from  these 
facts,  if  after  being  tested  with  every  evidence  now  known  to  us  they 
remain  intact  as  our  science  progresses.  This  conclusion  is  to  the 
effect,  that  the  relation  between  the  palaeozoic  and  neozoic  life-assem- 
blages is  one  of  development  in  opposite  directions,  in  other  words,  of 
Poiarity.  In  the  demonstration  of  this  relation  it  seems  to  me  that 
we  shall,  in  all  probability,  discover  the  secret  of  the  difference  be- 
tween the  life  anterior  to  the  Trias  and  the  Ufe  afterwards.  The  notion 
is  in  some  d^ree  a  metaphysical  one,  but  not  the  less  capable  of  siip- 
port  through  induction  nom  the  facts.  I  plead  for  its  consideration, 
beUeving  it  to  be  worthy  of  earnest  inquiiy*  I  know  that  its  novelty 
and  seeming  vagueness  may  repel  many  when  it  is  thus  briefly,  and  as 
if  in  outline,  put  forth.  But  before  anv  geologist  or  naturalist  rejects 
it,  I  would  ask  him  to  study  carefully  the  admirable  monographs, 
written  without  a  bias,  of  whose  merits  I  have  been  discoursing  in 
this  Address ;  to  seek  out  the  manifestation  of  the  idea  in  the  first 
instance  in  some  important  and  characteristic  group  of  beings  about 
whose  time-distribution  we  have  now  a  sufficient  knowledge,  such  an 
assemblage  as  the  Trilobites  described  to  us  in  the  work  of  Barrande, 
or  the  Brachiopoda  as  exhibited  in  the  monograph  by  Davidson ;  to 
take  and  analyse  the  ample  lists  of  extinct  beings  marshalled  in  the 
pages  of  Morris,  or  in  tne  more  general  muster-rolls  of  Bronn  and 
Alcide  d'Orbigny ;  and  then,  having  done  this,  to  consider  earnestly 
and  fairly  the  idea  that  I  have  ventured  to  suggest  of  the  tnanifesta- 
Hon  of  Polarity  in  Time, 

Gentlemen,  since  I  have  occupied  this  Chair  I  have  heard  two  re- 
proaches cast  upon  our  Society,  the  one  that  we  throw  cold  water 
upon  theories,  and  the  other  that  we  are  opposed  to  the  practical 
applications  of  Greolo^.  The  fate  of  the  concluding  paragraphs  of 
this  Address  will  not,  I  hope,  be  confirmatory  of  this  first  accusation, 
one  seldom  urged  against  Geologists.  As  to  the  second,  I  believe 
I  speak  the  sentiments  of  every  working  geologist  in  this  Society, 
when  I  say  that  no  papers,  no  discussions  wiUiin  these  walls,  are  heard 
with  more  pleasure  or  received  with  more  approbation  than  those 
which  have  a  practical  and  economic  bearing,  dways  providing  that 
sound  science  and  original  research  constitute  their  foundation.  Em- 
piricism we  eschew  and  abhor.  Solid  knowledge,  careful  observations, 
and  sound  scientific  theory  are  as  necessary  for  economic  as  for  un- 
remnnerative  geology.  During  the  Session  just  concluded  the  various 
aspects  of  our  science  have  eadi  had  an  impartial  share  of  attention. 
In  the  Session  which  is  about  to  commence  we  have  every  prospect 
of  holding  pur  forward  course  in  the  sound  and  safe  path  that  the 
Geological  Society  of  London  has  chosen  from  its  beginning. 
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November  2,  1853. 
George  Shaw,  Esq.,  was  elected  a  Fellow. 

The  following  communications  were  read : — 

\,  Oh  tke  Coai^Measurbs  of  the  South  Joggins,  Nova  Scotia. 
By  J.  W.  Dawson,  Esq. 

[Commanicated  by  Sir  C.  LyeU,  V.P.G.S.] 

[This  Meinoir  was  accompanied  by  numeroiu  MS.  Ulcutrationt  of  sections,  tree- 
atiimp8,.Toots,  wood-structure,  &c.,  some  only  of  whicb  are  bere  engraved ;  and 
the  refercm^es  to-  figures  having  us.  attached,  relate  to  Mr.  Dawson's  original 
drawings  sent  with  this  communication,  and  now  in  the  Society's  Library.] 

The  present  paper  on  the  Coal-measures  of  Nova  Scotia  is  based  on 
observations  made  bj  Sir  Charles  Lyell,  with  the  assistance  of  the 
writer,  in  the  summer  of  1852;  and  on  farther  observations  made  by 
the  writer  in  1853,  on  whom  the  completion  of  the  paper  has 
devolved,  owing  to  engagements  which  prevented  Sir  Charles  from 
attending  to  it. 

The  coast-section  of  the  South  Joggins  is  already  well  known  to  geo- 
logists as  one  of  the  finest  exposures  of  a  continuous  and  conformable 
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series  of  carboniferous  rocks,  and  as  being  especially  remarkable  for 
the  number  of  trees  and  other  plants  preserved  in  situ  in  an  erect 
position  *.  In  a  coast-line  of  about  seven  miles  in  length,  there  is  pre- 
sented a  vertical  thickness  of  14,000  feet  of  beds,  extending  from  the 
marine  limestones  of  the  Lower  Carboniferous  series  to  the  top  of 
the  Coal-formation ;  and,  in  the  greater  part  of  this  distance,  the  beds 
are  exposed  in  a  vertical  cliff,  from  30  to  80  feet  in  height,  and  in 
the  reefs  which  at  low-tide  are  dry  to  the  distance  of  200  yards  from 
its  base.  In  the  chff,  and  on  the  beach,  more  than  seventy  seams  of 
coal,  with  their  imderclays  and  roof-shales,  can  be  distinctly  seen, 
and  erect  plants  occur  at  about  as  many  distinct  levels,  while  the 
action  of  tne  waves  and  of  the  tide,  which  rises  to  the  height  of  40 
feet,  prevents  the  collection  of  dihris  at  the  foot  of  the  cliff,  and 
continually  exposes  new  and  fresh  surfaces  of  rock. 

The  section  to  be  described  in  this  paper  refers  to  a  vertical  thick- 
ness of  2800  feet,  in  the  central  part  of  the  Coal-formation,  examined 
vnth  especial  reference  to  the  conditions  of  accumulation  of  coal,  the 
nature  and  mode  of  preservation  of  erect  trees,  evidences  of  contem- 
porary land  animals,  and  other  points  of  present  interest  in  geology. 
The  most  novel  results  of  this  examination  have  already  been  com- 
municated to  this  Society,  in  a  paper  on  the  remains  of  a  reptile  and 
a  land  shell,  found  in  one  of  the  beds.  All  the  new  facts  relating  to 
the  rocks  themselves,  and  to  the  Flora  of  the  Coal-penod  and  its 
aquatic  Fauna,  are  embraced  in  the  present  paper,  and  have  been 
arranged  as  follows : 

I.  Sectional  list  of  the  beds. 

II.  Remarks  on  the  mineral  character  and  arrangement  of  the 

rocks  occurring  in  the  section. 

III.  Chronological  sketch  of  the  series  of  events  which  the  section 

indicates. 
lY.   Notices  of  new  facts  relating  to  the  fossils  of  the  Coal- 
formation. 

I.  Section  of  part  of  the  Coal-measures  of  the  South  Joggins^  Nova 
Scotia;  in  descending  order.  Strike  S.  65°  E.  Magnetic;  Dip 
S.  25°W.  19°. 

(The  atterisks  denote  the  andent  soil  beds,  with  roots.) 

[Appended  to  this  paper  is  an  abstract  of  Mr.  Logan's  general  section  d  the 
Joggins  measures,  showing  the  relation  of  these  heds  to  the  other  menbov  of 
the  Carboniferous  system.] 

Group  XXIX. 

On  the  western  side  of  M'Caim's  Brook,  which  is  about  three-fourths  of  a 
mile  S.W.  from  the  Coal  Pier,  the  coast-section  shows  a  great  thick- 
ness of  grey  sandstones,  with  grey  and  chocolate  shales ;  in  which  were 

*  For  reference  to  previous  descriptions  see  note  to  paper  on  '*  Remains  of  a 
Beptile,"  &c.,  Quart.  Joum.  Geol.  Soc  May  1853,  vol.  ix.  p.  58.  See  also  the 
list  of  papers,  in  the  Society's  Journal,  relating  to  the  Coal-fields  of  Nova  Scotia 
and  New  Brunswick,  impended  to  this  memoir. 
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observed  fire  small  coal-seams  with  underclays,  and  erect  trees  at  two 
levels,  and  also  the  instance  of  irregular  bedding  represented  in 
fig.  1  A,  MS. 

East  of  M'Caim's  Brook  is  a  thick  bed  of  srey  sandstone  (grind- 
stone) with  prostrate  Coniferous  trees.    Under  this  are  grev  and 

chocolate  shales  and  grey  sandstone  with  erect  trees  at  two  levels. 
Then  follows  a  space  of  aoout  100  paces  without  section. 

XXVIII.  ^  . 

ft.  in. 

Shale  and  sandstone,  chocolate  and  grey 90  0 

Shale  and  sandstone,  chocolate  and  grey.   In  one  of  the  beds  an 

erect  stamp,  converted  into  coaly  matter 35  0 

^Sandstone  and  grey  shale.    Stigmaria-rootlets 4  6 

3ia]e,diocolate  and  grey  25  0 

^Sandstone,  grey.    Stools  of  Stigmaria 3  0 

Shale,  grey.     Upper  part  ftdl  of  Stigmaria-rootlets    20  0 

Shales  and  flags,  grey,  and  in  part  calcareous.     Vegetable  frag- 
ments and  fish-scsdes 15  0 

Shale,  hard  grey 6  0 

XXVII. 

Shale,  calcareo-bituminous.     Shells  of  Modiola 1  0 

Coal 1  0 

*Underclay,  resting  on  sandstone  and  shale.    Rootlets  10  0 

Sandstone,  coarse  grey.     Irregularbr  bedded  6  0 

^Underday,  arenaceous.    Stools  of  Stigmaria  and  an  erect  stump  3  6 

Shale,  grey 6  0 

*Sand^one  and  shale.  Irregularly  bedded.  One  bed  has  Stigmaria- 
rootlets  8  0 

Shale,  grey,  with  ironstone  balls   2  8 

^Sandstone,  grey.    Rootlets  of  Stiemaria 2  3 

Shale,  grey.    An  erect  tree  rooted  in  bed  below 20  0 

*  Bituminous  limestone.  Rootlets  of  Stigmaria,  Modiola,  Cypris...  0  2 
Shale,  carbonaceous,  with  ironstone  ImlUs.    Poacites,  &c 0  9 

^Underdav.    Rootlets  of  Stigmaria  0  10 

Coal,shiay  1  0 

^Underclay.     Indistinct  rootlets ]  2 

^Sandstone,  grey  aigillaceous,  passing  downward  into  shale  and 

bituminous  shale.  An  erect  tree ;  Stigmaria-roots 3  0 

Coal 0  1 

♦Underclay.    RootleU 0  10 

Sandstone,  grey.    Erect  Calamites  and  Stigmaria-rootlets  de- 
scending from  bed  above 1  5 

Shale,  grey,  pyritous.    Numerous  flattened  plants 4  6 

Coal,  very  pyritous 0  8 

Shale,  bituminous  and  pyritous.    Coaly  layers,  Poacites,  Uloden- 

dron   4  0 

Coal,  with  much  mineral  charcoal 0  ,8 

*  Underday,  hard  and  arenaceous.     Stigmaria-rootlets 3  0 

XXVI. 

Shales,  chocolate  and  erey,  with  sandstone  bands,ripple-marksand 
coaly  vegetable  nagments  on  some  of  the  sandstones.    An 

erect  tree.   Reptilian  foot-prints  (fig.  18,  ms.)  and  ndn-marks.  66  0 

b2 
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XXV. 

n.  in. 

Shale,  grey.    Modiola  in  lower  part;  fewer  towards  the  top 2  0 

Limestone,  black  bituminous,     r  ish-scales,  Coprolites,  Modiola, 

Spirorbis,  attached  to  carbonized  trunks 2  0 

Coal,  impure.    Sigillaria,  &c.,  with  Spirorbis  attached ;  Modiola...  0  1 

•Underclay.     Stigmaria-rootlets 1  0 

Shale,  ironstone  nodules,  and  coaly  seams    1 

Coal,  impure,  2  inches I  ^  ^ 

*Underclay.    Many  rootlets  of  Stigmaria | 

Shale.     Ironstone  nodules • J 

Coal 0  5 

^Sandstone,  grey.    Many  rootlets  of  Stigmaria 2  0 

Shale,  grey  6  0 

^Sandstone,  grey.     Rootlets  of  Stigmaria 1  3 

XXIV. 

Sandstone,  grey,  alternating  with  chocolate  and  grey  shales. 

Prostrate  carbonized  trunks.  Fish-scales  45    0 

Shales,  chocolate  and  grey,  alternating  with  even  bands  of  grey 
sandstone.  On  some  of  the  sandstones  scratches  of  (mft- 
wood 75    0 

XXIII. 

Shale,  grey,  passing  into  black.    Modiola  in  lower  part 0  6 

Shale,  calcareo-bituminous.    Modiola,  Cypris,  Fish-scales     0  10 

Coal  and  bituminous  shale.  Poacites,  Sigillaria,  Spirorbis,  Fish- 
scales,  Cypris   0  8 

Underclay.    Uootlets  of  Stigmaria 3  9 

Sandstone,  grey.    Rootlets   4  6 

Shale  and  sandstone   8  0 

^Underclay,  hard  and  sandy  below.  Roots  and  rootlets  of  Stigmaria  I  6 

Coal,  impure.     Full  of  Poacites 0  1 

Shale  and  argillaceous  sandstone.  Plants  with  Spirorbis,  rain- 
marks? 7  0 

Sandstone  and  arenaceous  shale.  Erect  Calamites  in  5  feet  of  upper 
part;  an  erect  coaly  tree  passes  through  these  beds  and  the 

sandstone  below  (fig.  5.  p.  26)  8  0 

Sandstone,  grey.    Erect  coaly  tree  as  above 7  0 

♦Shale,  grey.     Roots  of  coaly  tree  spread  in  this  bed  4  0 

Sandstone,  grey  4  0 

Shale,  grey.  Prostrate  and  erect  Sigillaria  and  Lepidodendron, 
Poacites,  Asterophyllites,  Ferns,  Modiola,  Spirorbis  on  surface 

of  fossil  plants,  Stigmaria  and  rootlets 0  6 

Coal,  main  seam,  worked  by  the  General  Mining  Association    ...  3  6 

Shale  or  underclay.   Thins  out  in  working  to  N.E 1  6 

Coal,  worked  with  main  seam 1  6 

^Underclay  and  shale  with  bands  of  sandstone  20  0 

^Sandstone  and  cW.     Stigmaria-stools ;  on  the  surface  of  this  bed 

a  thin  film  of  coaly  matter.     iCoal  Mine  Pier  here]  2  6 

Sandstone  and  shale.    Irregular  beds   5  0 

Shale,  grey,  with  bands  of  sandstone  and  ironstone     4  0 

Sandstone,  prey.    Two  erect  stumps,  one  of  them  a  Sigillaria 

with  Stigmaria-roots  (fig.  6,  ms.),  erect  Calamites 2  0 
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ft.   in. 
^Shale,  grey  and  ironstone.   Roots  and  rootlets  of  erect  stumps  ...     6    6 

Coal,  impure.    Much  Poacites 0    0) 

Shale,  grey 0  lU 

Coal  and  bituminous,  shale.  Prostrate  trunks  and  mineral  charcoal     0    (H 
^Sandstone  with  clay  parting.     Stigmana-rootlets  and  prostrate 

Sigillana  above  the  clay  parting 3    6 

Sandstone  and  shales  with  ironstone 12    0 

Ironstone-band.      Sigillaria,   Favularia,    Poacites,   Ferns,  &c.; 

Spirorbis  attached  to  many  of  these  plants 0    3 

*Underclays.    Rootlets  of  Stigmaria  and  carbonized  plants 2    0 

Coal,  impure    0    1 

^Sandstone,  argillaceous.    Stools  and  rootlets  of  Stigmaria 2    6 

^Sandstone  alternating  with  shales.    In  one  bed  Stismaria-stools 
and  an  erect  tree.    In  another  Ulodendron  and  other  trees, 

prostate,  with  Spirorbis  attached 10    0 

*Shale,  grey,  passing  downwards  into  underclay.     Poacites,  Le- 
picbphylla,  &c. ;  an  erect  tree,  Stigmana-rootlets  in  lower 

part  3  10 

Cod 0    3 

♦Underclay.     Rootlets 0    6 

Coal  and  bituminous  shale,  in  several  alternations.  Lepidodendron, 
Ulodendron,   Poacites,   Lepidophylla.    (This  is  called  the 

"Queen's  Vein."). 1  ^ 

♦Shale,  grey.   Poacites  in  upper  part.   In  lower  part  an  underclay 

wiui  remains  of  erect  stumps 4  4 

Coal : 1  0 

*Underclay,    black,    bituminous,  slickensided,   resting  on  hard 

arenaceous  understone.    Stools  and  rootlets  of  Stigmaria  ...  3  0 

XXII. 

Shales,  red  and  chocolate,  with  sandstone  in  uneven  beds.  Two 
erect  stumps  in  one  of  the  sandstones,  ironstone  in  the 
shales 93    0 

Sandstone  and  shales,  chiefly  grey.  Erect  Calamites,  and  an  erect 

stump  in  one  of  the  beds   11     6 

XXI. 

Shale,  grey,  passing  into  black.    Poacites,  Sigillaria,  Calamites, 

coaly  tnmks,  and  an  erect  stump 14  6 

Coal , 0  8 

*Underclay.    Rootlets  and  coaly  matter  (fig.  3,  ms.),  4^  inches  to    0  2 

Coal 0  2 

•Underclay  and  shale,  pyritons.    Stigmaria,  small  erect  stems  or 

roots,  coaly  layers  14  0 

Sandstone  and  shale.    Very  irregularly  bedded 3  0 

Shale  and  ironstone  nodules.    IVo  erect  stems ', 3  0 

Sandstone  and  shales.    Carbonized  wood  and  Poacites     8  0 

Shales,  chocolate  and  grey.     Ironstone  nodules.    [Brook  hereJ]    12  0 

XX. 

••♦Shales,  chocolate  and  grey,  and  prey  sandstones  irregularly 

bedded.    Stigmana-rootlets  in  three  of  the  sandstones 90    0 
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XIX.  ft.  i.. 

Sandstone,  grey,  laminated.    Erect  Calamites  (fig.  5,  MS.)    15  0 

*Shale,  grey  and  chocolate.     Roots  of  Calamites 7  0 

Coaly  layer.     Carbonized  fattened  trunks 0  2 

*Underclay.    Roots  and  rootlets  of  Sdgmaria  2  0 

Sandstone,  grey,  with  chocolate  and  grey  shale  (fig.  1,  p.  12).  Very 

irregularly  bedded,  carbonized  trunks,  Artisia,  ram-marks  7 . . .  30  0 

*Shale,  grey.  Erect  stump,  Stiginaria-roots,  one  root  traced  6  feet  S  6 

Coal  and  bituminous  shale,     roacites  with  Spirorbis,  erect  and 

inclined  Calamites  stand  on  surface  of  this  coal 1  0 

•Underclay 2  4 

Bituminous  shale  and  coal.     Poacites  and  coaly  trunks 0  10 

^Understone,  hard,  arenaceous.     Many  rootlets  of  Stigmaria 1  6 

Sandstone 7  0 

**Sha]e,  including  two  underdays  with  thin  coaly  seams.  SigiUaria, 

Poacites,  Stigmaria-rootlets   15  0 

XVIII. 

*Shales  and  sandstones.    One  sandstone  has  Stigmaria-rootlets  ...  25  0 
Sandstone,  and  red  and  grey  shales.    Irregularly  bedded,  sun- 
cracks,  erect  Calamites  m  one  bed 60  0 

Sandstone,  and  chocolate  and  grey  shale 15  0 

XVII. 

*Shale,  ^y  and  chocolate.    Sun-cracked  surfiice,  and  a  stool  of 

Stigmaria 14  0 

Coal.    In  roof,  Poacites  with  Spirorbis 0  8 

^Underclay  passing  into  arenaceous  shdes     15  0 

XVI. 

Sandstone,  grey.  Prostrate  carbonized  trunks  and  vesetable 
fragments.  Forms  a  hi^h  reef  at  end  of  Coal  Mine  Point ; 
has  been  quarried  for  gnndstone  25    0 

XV. 

^Shales  and  bluish  sandstone.    Two  erect  fiuted  stumps.    One 

has  Stigmaria-roots 18    0 

Coal  and  bituminous  shale.     Stigmaria,  Sigillaria,  Calamites, 

Lenidodendron,  Poacites    1    2 

•Underclay.    Rootlets 1        g  ,q 

**Shale,  including  two  thin  coals  and  underclays / 

*Sandstoue,  grey  argillaceous.    Erect  trees  and  Calamites,  Stig- 
muiia  and  rootlets.     Reptilian  remains  and  land  sheU  m 

one  of  the  erect  trees  (fi^.  2,  p.  21  ) 9    0 

Coal.     Krect  coaly  tree  (Conifer?)  at  its  surface 0    6 

*Underchiy.     Rootlets 2    0 

Sandstone  and  shales.     Prostrate  Sigillaria,  erect  Calamites 21    0 

Coal 0    4 

•Underclay.    Rootlets .• > 2    0 

XIV. 

••Sandstones  in  thick  beds,  alternating  with  shales.     In  one  bed 


\ 


an  ( rect  stump  springing  from  shale  with  Poacites;  lower,  a 
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coaly  bed  with  Stigmaria  underclay ;  still  lower,  a  sandstone    ft*    in. 
with  erect  Calamites  rooted  in  shale,  and  immediately  below 

this  another  erect  stump    110    0 

Sandstones,  grey.     Sigillana,  Lepidodendron,   Ulodendron,  Ar- 

tina,  &c 20    0 

XIII. 

*Shale,  including  a  4-inch  coal  with  underclay.  In  the  shale  above 
the  coal  is  a  fine  ribbed  erect  tree,  2  feet  diameter,  4  feet 
of  height  seen.  Its  roots  are  well-marked  (Stigmariaficoides), 
The  coal  contains  Spirorbis,  Modiola,  and  Cypris ;  and  itk 

underclay  has  rootlets  of  Stigmaria  10  0 

Sandstones,  tine  ripple-marks 6  0 

Shales  and  sandstones.     Irregularly  bedding  (fig.  1,  ms.) 12  0 

Sandstone.    Ripples,  coaly  fragments,  Calamites   10  0 

Shale  and  sandstone   10  0 

Shale,  calcareo-bituminous,    resting  on  bituminous  limestone. 

Modiola,  Coprolites,  Fish-scales,  Cypris  5  0 

Coal.     Prostrate  SigiUaria 0  I 

*Underclay.     Rootlets  of  Stigmaria   2  0 

Sandstone.    Ripples,  and  coaly  fragments  6  0 

Shalycky    13  0 

Bituminous  limestone.    Cypris,  Modiola,  CoproUtes 3  0 

Coal,  with  three  day  partings    2  9 

^Underclay.    Rootlets  of  Stigmaria    1  6 

Sandstone,  grey.    Two  erect  trees,  one  a  Sigillaria    5  0 

CUy 6  0 

Sandstone.    An  erect  fiuted  tree;   erect  Calamites  rooted  one 
foot  above  roots  of  tree.  Also  an  erect  coaly  tree  penetrating 

this,  and  clav  above    8  0 

Shale,  grey  and  black,  passing  into  bituminous  limestone,  with 

coaly  bands.     Modiola  10  0 

Coal 0  10 

•Underclay.     Stigmaria-rootlets.. 1  0 

••Sandstones  and  shales.    Stigmaria-rootlets  at  two  or  three  levels  30  0 
Shales,  coarse  and  fine.      An  erect  tree;  also  Poacites  with 

Spirorbis 8  0 

Cod 0  6 

•Bituminous  Umestone.     Stigmaria-roots  and  rootlets,  Modiola, 

CoproUtes,  Cypris  0  4 

Coal 0  7 

•Underclay    1  6 

XII. 

•Sandstones  and  shales,  including  a  6-inch  coal  and  several  under- 
clays.  Erect  trees  at  five  levels.  One  of  the  trees  4  feet  in 
diameter,  and  irregularly  ribbed;  rooted  in  shale,  with 
rootlets    80    0 

XI. 

Shale,  passing  into  bituminous  limestone,  with  coaly  layers.   Cy- 
pris, Coprolites,  Spirorbis,  Modiola 8  0 

•Clay,  pjrritous,  with  coaly  bands.    Stigmaria-rootlets 20  0 

Sandstone 5  0 

Shale,  with  ironstone,  passing  into  bituminous  shale 20  0 
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*  ft.  in. 

Coal  and  ))itumiiioiis  shale.    Poacites,  Lepidoph^lla  5  0 

^Underclay,  renting  on  shale,  with  ironstone.    Stigmaria-rootlets  6  0 
Shale,  arenaceous.     Stems,  Calamites,  Poacites,  Lycopodium?, 

Modiola 0  3 

Coal » 0  6 

Shale  and  coaly  layers    4  0 

Coal  and  shale  • 0  4 

Shale 0  9 

Coal 0  2 

Shale 0  10 

Ironstone  and  bituminous  limestone.    Poacites,  Spirorbis,  Cypris  0  3 

*Underclay  and  shale.     Rootlets  of  Stigmaria  4  0 

Coal  4  0 

*Underclay,  pyritous,  passing  into  sandstone.  Rootlets  of  Sticmaiia  1  6 
Sandstone  and  shale.     Six  large  erect  trees,  one  of  them  15  feet 

in  height,  erect  Calamites 30  0 

Coal  and  bituminous  shale 5  0 

^Underclay.     Stigmaria-rootlets 2  0 

X. 

Sandstone.    Laree  erect  tree    8  0 

•♦Shale/ with  bands  of  grey  sandstone,  a  few  thin  layers  of  coal, 

with  underclays.  Poacites,  Ferns,  &c.  abound  in  the  shales  60  0 
•♦♦Shale,''cholocate,  with  grey  sandstone.  Contain  three  thin  coaly 

bands,  with  underclays  and  roof-shales,  about 500  0 

♦Shale,  ^y,  and  'sandstone. ,  In  upper  part,  an  understone,  with 

Stigmaria-rootlets,  and  an  erect  tree.  Ferns,  Poacites 82  0 

IX. 

Sandstone,  erey,  and  shale.    In  lower  part  an  erect  tree  extend- 
ing 22  feet  into  these  beds,  and  3  feet  into  bed  below 10  0 

Shale    12  0 

♦Bituminous  limestone.    Stigmaria-stools  and  rootlets ;  at  bottom 
a  thin  coaly  layer,'  with  prostrate  trunks   and   attached 

Spirorbis 1  2 

♦Underclay.     Rootlets  and  remains  of  erect  stumps 2  6 

Coal    0  3 

•Underclay 3  0 

Grev  sandstone  and  shale.    Stigmaria-rootlets 6  0 

Shale,  with  coaly  layers 8  0 

Sandstone,  argillaceous,  and  shale 6  0 

Bituminous  limestone.    Rootlets,  Fish-scales,  Cypris ?    2  0 

Coal  and  bituminous  shale 0  9 

♦Underclay  2  0 

Coal  and  bituminous  shale 0  8 

♦Underclay.    Stigmaria-rootlets 1  3 

Bituminous  limestone.    Rootlets;  Cypris  0  4 

Shale  0  3 

Coal 0  1 

♦Underclay.    Stigmaria-rootlets 8  0 

VIII. 

Sandstone    5  0 

Sandstone  and  chocolate  shales   70  0 
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VII.  ft  i„  • 

n*  in. 
Shale,  calcareo-bituminous,  and  bituminous  limestone.    Modidla, 

Crnris,  &c ; .'.  6  0 

Coal,  nul  of  minute  spines "O  4 

*Underclay,  passing  into  chocolate  shale.    Rootlets 3  0 

VI. 

*Sha]es,  chocolate  and  suidstone.    Near  bottom  an  erect  tree 

rooted  in  hard  arenaceous  underclaj.    Sti|pnaria-rootlets  ...  38  0 

Shales,  chocolate  and  erey,  and  sandstones 63  0 

Sandstone,  grey,  with  false  stratification.     Trunks  of  trees    15  0 

V. 

Shale,  chocolate  above,  grey  below.   Thin  coaly  layers  in  bottom, 

Poadtes  16  0 

^Bituminous  limestone.    Rootlets,  Cjrpris 0  5 

Underday.    Rootlets 2  0 

IV. 

Sandstones  and  shales  30  0 

Sandstone,  grey     Erect  Calamites,  flattened  tnmks 8  0 

Shales,  chocoliUe  and  grey.    An  erect  tree 40  0 

III. 

Bitnminons  limestone.    Cjrpris,  Modiola,  Coprolites,  Fish-scales  0  5 

Bituminous  shale : 0  4 

Bituminous  limestone.    Cypris,  Modiola,  ftc 0  3 

Bituminous  shale .^ 0  11 

Coal ^ 0  3 

Bttnminous  shale  .' 0  11 

Coal 0  3 

Bituminous  shale    0  7 

Bituminous  limestone,  earthy.    Coprolites,  Modiola,  Fish-scales, 

Cjrpris , 0  10 

Bttummous  limestone,  with  coaly  layers  0  7 

Shale  and  ironstone  balls  7  0 

Bituminous  limestone,  calcareo-bituminous  shale,  and  coaly  layer. 

Fish-scales,  Cypris,  &c 3  0 

Shale,greY  3  6 

Coal  and  bituminous  shale.    Modiola 0  3 

*Underclay.     Rootlets  of  Stigmaria  I  6 

Shale,  arenaceous,  and  ironstone  balls.     Rootlets  5  0 

Ssn^tone,  grey  4  0 

Shale,  grey  4  0 

Shale,  black 0  6 

Bituminous  limestone.     Modiola,  Cypris,  Coprolites 0  7 

Cosl 0  6 

*Underclay,  passing  into  chocolate  shale.     Rootlets  of  Stigmaria.  8  0 

II. 

Shsks,  chocolate  and  grey,  and  sandstones 45  0 

I. 

Sandstone,  grey.     An  erect  tree  (Lepidodendron?)  8  inches 

diameter,  4  feet  high ;  erect  Calamites 12    0 
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ft.  in. 

Shale,  grey 16  0 

Bituminous  limestoue.    Modiola,  Cypris,  Fish-scales,  Spirorbis  0  4 

Shale,  grey  9  0 

Bituminous  limestone.    Modiola,  Fish-scales,  Cypris 0  6 

Shale,  grey  2  6 

Bituminous  limestone  and  calcareo-bituminous  shale.     Modiola, 

Fish-scales,  Cypris 3  0 

Shale,  gre^  1  6 

Calcareo-bituminous  shale.  Modiola,  Fish-scales,  Cypris,  Poadtes  0  6 

Shale,  grey 6  0 

Bituminous  limestone.    Cypris,  &c 0  3 

Shale,  black 0  7 

Coal    0  6 

Bituminous  limestone.    Cypris,  Stigmaria-rootlets 0  2 

Coal    0  04 

•Underclay.    Stigmaria-rootlets 4  0 

Shales  and  sandstones,  red  and  chocolate  (not  measured). 

Total  thickness...  2819    2 

II.  Remarks  on  the  Minercd  Character  and  Arrangement  of 
the  Beds, 

The  rocks  included  in  the  foregoing  section  are,  in  the  order  of 
their  respective  aggregate  thicknesses,  shales  and  days,  sandstones, 
coals,  and  bituminous  limestones. 

1.  Shales  and  Clays  constitate  the  greater  part  of  the  total  thick- 
ness, and  consist  of  indurated  mud,  more  or  less  laminated,  and 
variously  modified  by  contact  with  organic  matters.  Its  original 
colour  may  be  assumed  to  have  been  the  dull  red  or  chocolate*, 
due  to  the  presence  of  peroxide  of  iron,  and  which  still  prevails  in 
many  parts  of  the  section ;  but,  where  it  has  been  long  in  contact 
with  decomposing  vegetable  matter,  it  has  assumed  various  greyish 
tints.  This  discoloration  has  been  effected  in  two  ways: — (1.)  In 
many  of  the  beds  the  peroxide  of  iron  has  been  deoxidized  and 
dissolved  by  the  agency  of  carbonic  acid  disengaged  in  the  decay  of 
the  vegetable  matter ;  and  it  now  appears  in  the  form  of  nodules  and 
bands  of  the  argillaceous  carbonate  of  iron  included  in  the  shales. 
Modem  analogies,  in  the  case  of  swamps  and  bogs,  would  lead  us  to 
conclude  that  this  change  occurred  in  fresh  water.  (2.)  Where  sea- 
water  has  had  access  to  the  beds,  the  deoxidation  of  its  sulphates 
and  the  production  of  sulphuretted  hydrogen  have  caused  the 
ferruguious  colouring  matter  to  be  converted  into  the  bisulphuret  of 
iron,  which  appears  m  large  quantity  in  some  parts  of  the  section. 
This  change  now  occurs  in  the  lower  parts  and  subsoils  of  salt- 
marshes,  and  may  everywhere  be  observed  in  those  of  Nova  Scotia ; 
and  it  is  deserving  of  notice  that  in  modem  marshes  this  chemical 
change,  which  in  a  short  time  converts  red  mud  into  a  dull  grey 
colour,  is  not  incompatible  with  the  contemporary  growth  of  Cariees 
and  other  marsh-plants.     The  frequent  alternation  and  mixture  of 

*  Dull  shades  of  chocolate-red  and  purplish  red. 
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the  results  of  these  changes  in  the  Joggins  section  may  be  accounted 
for  by  the  fact,  sufficiently  proved  by  other  evidence,  that  the  same 
beds  of  clay  have  been  subjected  to  the  action  of  vegetable  matter, 
decomposing  first  in  fresh  water  and  then  in  the  sea,  or  at  least  in 
brackish  water"^.  In  connection  with  these  changes  of  colour,  it 
occurs  here  as  elsewhere  that  fossil3  are  rare  in  the  reddish  beds ; 
the  absence  of  vegetable  matter  being  in  fact  the  cause  of  the  retention 
of  the  red  colour. 

Bkck  bituminous  or  carbonaceous  shales  are  more  rare  at  the 
Joggins  than  at  Sydney,  and  much  more  so  than  at  Pictou ;  and 
this,  as  well  as  the  great  number  and  small  aggregate  thickness  of 
the  coal-seams,  probably  indicates  greater  rapidity  of  change,  and 
more  frequent  invasions  of  sedimentary  matter,  than  at  those  locfdities. 
Several  beds  of  shale,  by  the  presence  of  great  quantities  of  shells  of 
Modioia  and  CyprUy  with  much  organic  matter,  pass  into  a  tough 
calcareo-bituminous  rock,  and  finally  into  hard  bituminous  lime- 
stone. It  is  observable  that  the  passage  from  common  argillaceous 
shales  to  these  Moc^'o/a-shales  is  oflten  very  gradual,  the  ModioUe 
becoming  more  and  more  rare  in  ascending  through  several  feet  of 
shale.  In  these  cases  these  shell-fish  probably  died  out  as  their 
abode  became  invaded  by  muddy  sediment. 

Beds  of  clay  containing  roots  of  plants  in  situ,  and  destitute  or 
nearly  destitute  of  lamination,  are  aesignated  in  the  Section  "  Un- 
derclays.^'  As  these  are  fossil  soils,  they  will  be  more  properly 
considered  in  connection  with  the  vegetable  matter  which  accumulated 
upon  them. 

2.  Sandstone, — The  line  of  distinction  between  these  and  shales  is 
of  course  somewhat  arbitrary,  and  I  observe  that  many  fine-grained 
beds,  named  sandstones  in  our  notes,  appear  in  Mr.  Logan's  section 
as  argillaceous  shales.  None  of  the  sandstones  observed  by  us  were 
very  coarse,  and  most  of  them  are  argillaceous,  though  a  few,  espe- 
cially the  thicker  grindstone  reefs,  are  very  purely  siliceous  and  made 
up  of  sharp  and  uniform  fine  grains  of  sand.  A  few  beds  are  hard, 
with  a  calcareous  cement.  The  colour  varies  from  the  bluish-grey  of 
the  celebrated  Joggins  blue  grindstones,  to  fawn  and  bufP,  the  latter 
being  usually  a  superficial  discoloration  occasioned  by  iron  pyrites. 
We  observed  no  beds  of  distinctly  red  colours,  although  these  abound 
both  above  and  below  the  part  of  the  section  examined  by  us.  Mr. 
Logan  notes  a  few  beds  as  of  reddish  colours.  These  we  have  probably 
not  separated  from  the  chocolate  shales,  which  are  in  some  places 
highly  arenaceous. 

R^ularly  laminated  and  ripple-marked  sandstones  are  com- 
paratively rare,  especially  in  the  central  part  of  the  section ;  and 
most  of  the  beds  present  various  irregularities,  such  as  rapid  changes 
of  thickness,  false  stratification,  and  large  undulations  of  the  sur- 
faces. This  is  probably  a  consequence  of  the  littoral  origin  of  these 
beds,  which  is  further  indicated  by  the  occurrence  of  unworn  trunks 
of  trees,  fragments  of  vegetable  matter  scattered  over  the  strata-sur- 

*  Dawson  on  the  colouring  matter  of  Red  and  Grey  Sandstones,  Quart  Joum. 
GeoL  Soc.  Tol.  v.  p.  25. 
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faces,  sun-cracked  surfaces,  appearances  resembling  rain-marks,  rep- 
tilian footprints,  and  the  frequent  conversion  of  these  sandstones  and 
of  the  clays  resting  immediately  upon  them  into  ancient  swamp-soils. 
Few  of  the  beds  attain  any  considerable  thickness  without  alternating 
with  shales.  The  thickest  continuous  bed  in  the  section  is  that  at 
Coal  Mine  Point  (Group  XVI.).  There  are,  however,  much  thicker 
beds  in  the  upper  and  lower  parts  of  the  measures,  beyond  the  Umits 
of  our  section. 

Evidences  of  contemporaneous  currents  and  denudation  are  very 
frequent.  On  the  lower  surfaces  of  some  beds  resting  on  clay  there 
are  casts  of  scratches  and  furrows,  as  if  produced  by  drifl-wood  with 
branches  swept  over  the  surface.  In  the  case  of  bdls  which  contain 
ereat  numbers  of  trees  retaining  their  bark  and  markings,  and  con- 
iusedly  disposed,  we  may  fairly  infer  that  these  have  been  swept 
away  from  forests  invaded  by  the  sand-bearing  currents.  The  bare 
conuerous  trunks  found  in  other  beds  may  have  been  long  drifted 
in  the  sea.  In  other  instances,  the  occurrence  of  numerous  trunks 
and  fragments  of  trees,  covered  with  shells  of  Spirorbis,  testifies  at 
once  to  drift  and  to  intermissions  of  deposition.  We  may  account 
for  the  imbedding  of  so  many  plants  in  the  erect  position  by  allowing 
for  their  strength  and  toughness  when  recent,  and  for  the  resistance 
presented  by  the  matted  soils  in  which  their  roots  were  imbedded. 
It  is  worthy  of  remark,  however,  that  in  the  two  best-preserved  beda 
of  Calamites,  as  well  as  in  several  cases  of  the  occurrence  of  erect 
trunks,  the  lower  parts  of  the  stems  were  imbedded  in  mud  or  very 
fine  sand,  and  were  thus  strengthened  and  protected  before  coarser 
sand  was  swept  over  them'*'. 

Well-marked  instances  of  irregular  denuding  action  are  afforded 

Fig.  1. — Section  of  Sandstones  and  Shales  in  Group  XIX.,  showing 
denudation  and  filling  up. 


u,a.  SandtUmet. 


of.  Sanditone  with  drift-wood. 


b.  Shales. 


by  the  ckys  and  sand-beds  cut  off  by  coarse  sandstone  represented 
in  figs.  1  MS.,  2  MS.  (fig.  1),  and  1  A,  ms.,  which  are  the  best  m- 

•  This  is  also  the  case  in  the  bed  with  erect  Calamites  near  Pictou,  Quart 
Journ.  GeoL  Soc.  voL  vii.  p.  195,  fig.  1. 
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Btaoces  of  pbaenomena  seen  also,  but  less  distinctly,  in  other  parts  of 
the  section.  Fig.  1  exhibits  apparently  the  edge  of  a  channel,  cut 
in  day,  and  filled  with  sand  ana  drift-trees,  just  as  tidal  and  river 
channels  in  estuaries  are  now  often  filled  with  the  debris  borne  down 
by  an  inundation  or  thrown  in  by  a  storm. 

On  the  whole  we  may  conclude  that  the  sandstones  mark  tem- 
porary, and  often  very  local,  interruptions  of  the  quiet  deposition  of 
clay  and  organic  matters,  which  occupied  the  greater  part  of  the 
time  in  whidi  the  beds  of  this  section  were  formed ;  but  that  these 
interruptions  were  not  of  such  a  character  as  to  transport  coarse 
detritus,  or  such  as  occurred  in  a  locahty  very  distant  nrom  rocky 
promontories  or  gravel  beaches. 

3.  Of  fifty-four  beds  of  Coal  noted  in  the  section,  only  three  or 
four  are  si^ciently  large  to  be  worked  with  profit.  That  at 
present  mined  is  3^  feet  in  thickness,  and  the  underlymg  bed  18  inches 
thick  is  worked  with  it,  making  in  all  5  feet  of  coal.  The  coal  of  all 
the  beds  is  of  a  free-burning  bituminous  quahty,  somewhat  resembling 
that  of  Sydnev,  Cape  Breton,  though  generally  inferior  in  point  of 
purity.  The  beds  of  coal  are  much  more  uniform  in  their  thickness 
than  those  of  sandstone  and  shale.  Fig.  3  ms.  shows  an  instance  in 
which  the  clay-parting  between  two  thin  beds  varies  in  thickness ; 
and  the  clay  between  the  two  seams  of  the  main-coal  is  said  to  thin 
out  in  working  to  the  eastward. 

In  a  section  so  perfect  as  that  of  the  Joggins,  excellent  oppor- 
tunities are  afforded  for  inquiring  into  the  circumstances  under  which 
beds  of  coal  were  accumulated,  and  some  of  the  smaller  and  more 
shaly  beds  are  more  instructive  in  this  respect  than  those  of  greater 
magnitude  and  purity.  As  has  already  been  pointed  out  by  Mr. 
Lc^an,  the  most  constant  condition  required  for  the  growth  of  coal 
is  the  occurrence  of  a  bed  of  clay  or  argillaceous  sand  with  Stigmaria ; 
in  other  words,  a  soil  with  roots  of  trees  of  the  tribe  most  abundant 
in  the  swamps  and  alluvial  flats  of  the  period.  In  most  of  these 
"  underclays*'  only  the  straight  cylindrical  "  rootlets,"  peculiar  to 
Stiffmariay  were  observed ;  but  in  several  instances  the  roots  with  the 
rootlets  attached,  and  even  stools  with  roots  radiating  from  them, 
were  observed.  Only  three  instances  are  noted  in  the  section  of 
coals  without  perceptible  <Si%marta-rootlets  in  their  imderclays.  In 
one  of  these  cases  there  were  thin  fibrous  roots,  and  in  two  the 
coaly  layers  supported  by  the  clavs  were  almost  entirely  composed 
of  leaves  of  Poacites,  Some  of  the  underclays  are  fine  and  argil- 
laceous, and  where  recent  must  have  constituted  soft  mud,  or  stiff 
retentive  clay.  The  greater  number  are,  however,  argillo-arenaceous, 
and  some  decidedly  sandy;  and  it  is  observable  that  many  of  the 
more  argillaceous  underclays  are  thin,  and  rest  on  beds  of  sand,  into 
which  the  roots  and  rootlets  often  descend.  In  the  section  there  are 
sixteen  underclays  more  or  less  argillaceous  and  having  a  thickness 
exceeding  2  feet,  without  the  intervention  of  sandstone.  There  are, 
however,  eighteen  of  2  feet  or  less  in  thickness,  and  resting  on 
sandstone,  (^al,  or  bituminous  hmestone.  Two  only  are  decidedly 
sandy,    although   there  are  a  number  of  arenaceous  underclays 
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abounding  in  Sti^maria,  but  having  no  beds  of  coal  resting  on  them. 
In  two  instances,  beds  of  bituminous  limestone  constituted  Stiffwi&rim 
nntierstones,  and  the  rootlets  of  Stigmaria  are  seen  intermixed  with 
well-preserved  shells  of  CyprU  and  Modiola,  These  beds  in  th«r 
recent  state  must  have  been  extremely  rich  marly  soils.  Nearly 
one  half  of  the  underclays  have  no  coal  resting  on  them,  or  have 
mere  films  of  coaly  matter  intermixed  with  bituminous  shale.  Moat 
of  these  beds,  however,  support  either  erect  plants,  or  shales  and 
sandstones  filled  with  prostrate  trunks  of  Sigillaria  and  other  trees, 
remains  of  which  are  also  found  plentifully  in  some  of  the  thinner 
coals.  From  this  we  may  infer  with  certamty  that  the  growth  of  a 
bed  of  coal  usually  occupied  a  much  longer  time  than  that  required 
for  the  growth  of  k  forest  oi  Sigillaria,  and  that  the  growth  of  such  a 
forest  was  the  almost  invariable  preparation  for  the  formation  of 
coal ;  but  that  in  many  instances,  especially  in  the  more  light  and 
sandy  soils,  no  accumulation  of  coaly  vegetable  matter  occurred,  »ich 
accumulations  occurring  most  frequently  at  the  surface  of  beds  of 
day,  and  more  especially  of  those  which  were  of  no  great  thickness 
and  rested  on  sandy  subsoils.  The  conditions,  therefore,  which 
favoured  the  accumulation  of  coal  were  very  similar  to  those  which 
in  modem  times  occasion  the  formation  of  peaty  mattar  in  swamps 
and  bogs. 

All  the  underclays  have  the  bleached  appearance  seen  in  the  sub- 
soils of  modem  swamps,  and  no  doubt  from  the  same  cause*, — the 
removal  or  change  of  the  ferruginous  colouring  matters  by  the 
deoxidizing  and  solvent  agency  of  decomposing  organic  matter  and 
organic  acids.  A  few  of  them  are  traversed  by  numerous  slickenside 
fissures,  probably  in  consequence  of  the  movement  of  their  mass 
under  pressure,  as  the  roots  which  they  contained  became  softened  or 
disappeared  through  decay.  To  this  cause  also,  as  well  as  to  the 
penetration  of  roots,  and  to  atmospheric  influences,  may  be  due  the 
removal  of  the  lamination  which  many  of  them,  espedaUy  those 
resting  on  laminated  shales,  in  all  probability  originally  possessed. 
Few  of  the  underclays  contain  much  vegetable  matter,  except  in  the 
form  of  Stigmaria-roots  and  irregular  coaly  veins,  which  may  have 
been  the  roots  of  other  trees.  It  is,  however,  observable  tliat  the 
Stigmaria  and  their  rootlets  often  penetrate  to  considerable  depths  to 
reach  coals,  or  other  beds  rich  in  organic  matter.  With  the  ex- 
ception of  the  bituminous  Umestones  already  mentioned,  the  lowest 
underclay  in  the  '*  Queen's  Vein"  is  richer  in  oiganic  matter  than 
any  other  in  the  section. 

There  is  no  distinct  evidence  in  this  section  of  the  formation  of 
coal  from  drifted  materials.  Two  of  the  three  coals  not  observed  to 
rest  on  iSf^i^marta-underclays  consisted  almost  entirely  of  leaves  of 
Poacites,  which  may  have  grown  on  the  spot,  and  could  scarcely 
have  drifted  far.  There  are  two  instances  of  coals  based  on  Stigmaria^ 
underclays  which  became  submerged  in  such  circumstances  as  to 
permit  Spirorbit  and  8cal€9  of  Fishes  to  be  intermixed  with  the 
vegetable  matter.  This  does  not,  however,  necessarily  imply  driftage. 
•  [See  also  Report  Brit.  Assoc.  1853,  Tnms.  Sect.] 
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True  drift  phsenomena  are  confined  to  the  presence  of  trunks  of  trees, 
sometimes  carbonized,  in  the  sandstones,  and  of  fragments  of  mineral 
duurooal,  the  scattered  debris  of  decayed  trees,  on  the  planes  of 
lamination  of  the  coal. 

4.  The  Bituminous  Limestones  are  beds  of  animal  origin,  being 
composed  of  the  remains  of  shells  of  Modiola  and  Cypris,  with 
eoprolites  and  other  remains  of  Fishes,  the  whole  blackened  by 
eml^  matter.  They  are  now  hard  and  sonorous,  though  the  pene- 
tration of  some  of  them  by  Stiffmaria'Toots  and  rootlets  shows  that 
they  were  once  soft  and  marly.  They  generally  pass  upwards  into 
Afo<Kofa-shale8,  which  are,  in  truth,  their  upper  portions  less  de- 
composed at  the  time  of  their  burial,  and  somewhat  more  mixed  with 
argiUaceoas  matter.  These  beds  mark  the  slow  and  long-continued 
accumulation  of  animal  matter  in  clear  water,  probably  brackish. 

It  is  remarkable  that  in  almost  every  instance  the  conditions  re- 
oninte  for  the  formation  of  these  hmestones  and  their  allied  Modiola- 
soales  have  followed  immediately  on  the  formation  of  layers  of  coal 
based  on  underdays.  This  association  with  coal  also  occurs  in  several 
instances  in  the  Sydney  Coal-field'*',  and  the  two  principal  seams  at 
Pictou  have  beds  with  remains  of  Fishes  and  Cypris  in  their  roofs. 
At  Sydney  and  Pictou,  however,  this  appears  to  be  the  exception 
msiead  of  the  rule. 

m.  Historical  Sketch  of  the  sequence  of  events  indicated  by  the 

Section, 

The  section  at  the  Joggins  is  so  perfect,  and  speaks  so  plainly  of 
the  mode  of  formation  of  its  beds,  that  it  does  not  seem  to  me  pre- 
samptoous  to  attempt  to  read  it  as  a  connected  history.  In  doing 
io,  I  of  course  follow  the  ascending  order,  and  have  therefore,  in  the 
sectional  list  (pp.  2  et  seq.),  numbered  the  groups  of  beds  from  the 
bottom  towara  the  top.  The  subdivision  into  groups  is  merely  to 
fiu»Htate  reference;  and  in  so  far  as  it  is  natural,  is  based  on  the  fact 
that  the  section  presents,  in  some  places,  a  succession  of  beds  crowded 
with  interesting  evidences  of  veffctable  and  animal  life,  and  in  others 
thick  groups  of  strata  comparatively  barren  in  these  respects. 

At  the  base  of  Group  I.  we  find  an  underclay,  or  fossil  soil  of 
«rg;iIlaceous  character,  and  4  feet  in  depth,  penetrated  bv  rootlets 
ci  Stigmaria,  Below  this  soil  there  are  sandstones  and  shales  having 
m  few  drifted  trunks  of  trees  imbedded  in  them ;  above  it  is  a  series 
of  beds  marking  very  tranquil  and  slow  accumulation  of  organic  and 
ifaie  sedimentary  matter.  The  published  observations  of  Mr.  Binnev, 
Mr.  Brown,  and  the  writer  f,  as  well  as  facts  to  be  subsequently 
noticed  in  this  paper,  amply  prove  that  the  Stiymaria  were  roots  of 
the  SigiUaria  and  its  alhes.  We  therefore  take  it  for  granted  that  a 
forest  of  SigiUaria  grew  on  this  soil,  the  remains  of  which  and  of 
die  vegetable  soil  which  accumulated  around  them  have  produced 
half  an  inch  of  coal.  The  cause  of  the  disappearance  of  the  forest  is 
revealed  by  the  next  succeeding  bed,  a  bituminous  limestone  with 

*  Mr.  Brown's  Section,  Quart  Joum.  Geo!.  Soc.  toI.  vi.  p.  116. 
t  Qoart.  Joum.  Geol.  Soc.  vol.  ii.  pp.  134,  390,  393,  &c. 
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shells  of  Cypria  and  fragments  of  Modiola.  This  last  hed  aocnmu- 
lated,  no  doubt,  very  slowly,  in  quiet  waters  which  must  have  inun- 
dated, for  a  long  period,  the  tract  formerly  occupied  by  a  forest. 
This  inundation  was  not  accompanied  by  the  deposition  of  mechanical 
debris, — an  eyidence  either  that  it  was  very  gradual,  or  that  the  spot 
was  in  the  interior  of  a  thick  and  wide  swampy  junele,  into  which  no 
currents  sufficiently  powerful  to  carry  sediment  comd  find  their  way. 
AHer  a  time  the  locality  again  became  a  soil,  on  which  SigUlaruB 
again  flourished,  and  accumulated  the  material  of  6  inches  of  coaly 
matter  before,  by  a  farther  subsidence,  the  water  and  its  tenants  were 
restored,  and  continued,  with  various  interruptions  occasioned  by  the 
influx  of  muddy  sediment,  to  occupy  the  ground  until  24  feet  of 
thickness  were  accumulated,  showing  either  that  the  original  subsi- 
dence was  of  more  than  that  extent,  or  that  the  surface  was  continu- 
ally going  down  as  rapidly  as  it  was  elevated  by  deposition.  At 
length,  however,  the  accumulation  of  16  feet  of  mud,  perhaps  accom- 
panied by  elevatory  movement,  restored  a  terrestrial  surface,  which 
became  clothed  with  trees  and  Calamitea,  A  cast  in  sandstone  of 
one  of  these  trees,  8  inches  in  diameter,  showed  large  rhomboidal 
markings,  hke  the  leaf-scars  of  Lepidodendron.  A  number  of  erect 
Calamites  in  this  deposit  were  also  seen  standing  in  the  cliff. 

The  next  group  shows  the  submergence,  and  burial  under  mud  and 
sand,  of  this  soil,  with  its  forest  and  calamite  brake.  I  observed  no 
fossils  in  this  group,  but  Mr.  Logan  has  noted  Stigmaria  in  its  upper 
part  in  situ. 

In  Group  III.  we  have  a  recurrence  of  the  same  circumstances 
observed  in  Group  I.  A  soil  supporting  SiffiUarioy  and  covered  with 
vegetable  mould,  was  submerged  in  waters  inhabited  by  Modiola^ 
Cypris,  and  fish ;  and  then,  for  a  Ions  time,  the  locaUty  was  alter- 
nately a  swamp  and  an  estuary  or  lagoon.  Only  one  underclay 
remams  in  these  beds ;  and  there  are  no  erect  trees,  nor  can  these  l>e 
expected.  Coal  and  bituminous  hmestone  are  of  too  slow  growth  to 
admit  of  the  preservation  of  trees  in  situ  ;  and  no  instance  occurs  in 
the  Section  of  erect  plants  passing  through  beds  of  these  kinds. 

Group  IV.  is  a  thick  accumulation  of  sand  and  clay,  which  at  one 
level  has  entombed  an  erect  ribbed  tree,  and  at  anotner  a  thicket  of 
Calamites.  There  were  two  terrestrial  surfaces,  sufficiently  permanent 
for  the  growth  of  these  plants,  but  probably  not  for  that  of  coal. 
This  period,  as  contrasted  with  the  last,  weU  shows  the  different 
results  of  rapid  and  slow  accumulation  of  detritus.  In  the  one  we  see 
httle  organic  matter,  but  the  rapid  burial  of  growing  plants  has  pre- 
served their  forms  in  the  natural  position.  In  the  other  we  have 
considerable  animal  and  vegetable  accumulations ;  but  decay  has  had 
time  almost  entirely  to  destroy  the  external  forms.  These  differences 
are  characteristic  of  many  other  parts  of  the  Section. 

Group  V.  is  a  return,  but  on  a  smaller  scale,  to  the  circumstances 
of  Group  III.  It  is  chiefly  remarkable  for  a  bituminous  limestone 
immediately  overlying  an  underclay,  without  any  coal  between. 
Either  no  peaty  matter  grew  on  this  soil,  or  it  had  time  to  decay  be> 
fore  the  accumulation  of  the  calcareous  deposit.   The  limestone  itself. 
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howerer,  eyentuall^  became  an  undersoil,  and  a  thin  coaly  layer 
accumulated  upoh  it,  to  be  buried  under  a  tbick  bed  of  clay.  These 
changes  appear  to  reouire  moyements  of  eleyation  as  well  as  of  subsi- 
dence. It  is  possible,  however,  that  the  appearances  in  this  particular 
poup  may  be  due  to  the  heaping  up  and  subsequent  rupture  of  a 
beadi  or  hta  at  the  margin  of  a  morass. 

In  the  next  group  we  have  another  thick  series  of  sands  and  clays, 
with  only  one  terrestrial,  sur&ce,  now  an  arenaceous  underclay,  with 
Sdgmaria-rootlets,  and  an  erect  ribbed  stump,  2  feet  high  b^  1  foot  in 
diameter.  In  the  lowest  sandstone  are  many  drifted  trees,  mdicating 
that  there  was  neighbouring  forest-land  undergoing  denudation. 

Group  YII.  presents  the  usual  succession  of  underclay,  coal,  and 
ModioliC-limestone  and  shale.  The  latter  is  remarkable  for  its  great 
thickness,  indicating  the  lapse  of  a  very  considerable  time  without  any 
inroads  of  mechani«J  detritus.  The  succeeding  group,  however,  filled 
up  these  quiet  waters  with  a  great  mass  of  sand  and  clay. 

Group  IX.  b  a  fine  series  of  underclays  and  coals,  alternating  with 
Modiola-beds.  It  contains  nine  distinct  soil-surfaces,  the  highest 
supporting  an  erect  tree,  which  appears  as  a  ribbed  sandstone  cast, 
5  feet  6  inches  high,  9  inches  in  diameter  at  the  top,  and  15  at  the 
base,  where  the  roots  began  to  separate.  This  tree  being  harder  than 
the  enclosing  beds,  at  the  time  of  my  visit,  stood  out  boldly  at  the 
base  of  the  clifP,  nearly  three-fourths  of  its  diameter,  and  the  bases  of 
three  oi  its  four  main  roots,  being  exposed.  Five  of  the  underclays 
support  coals,  and  in  three  instances  bituminous  limestones  have  been 
converted  into  soils,  none  of  which,  however,  support  coals.  The 
last  of  these  bituminous  limestones  is-  a  very  remarkable  bed.  First 
we  have  an  underclay;  this  was  submerged,  and  a  SpirorbUy  or  crea- 
ture allied  to  this  genus,  which  we  shafi  find  to  be  very  common  in 
the  succeeding  parts  of  the  section,  attached  its  little  shell  to  the 
decaying  trunks,  which  finally  fell  prostrate,  and  formed  a  carbona- 
ceous l^ttom,  over  which  multitudes  of  little  crustaceans  (Cypria) 
swam  and  crept,  and  on  which  14  inches  of  calcareous  and  carbona- 
ceous matter  were  gradually  collected.  Then  this  bed  of  organic 
matter  was  elevated  mto  a  soil,  and  large  trees,  with  Stigmaria-roots, 
grew  on  its  surface.  These  were  buried  under  thick  beds  of  clay  and 
sand,  and  it  is  in  the  latter  that  the  erect  tree  already  mentioned 
occurs ;  its  roots,  however,  are  about  9  feet  above  the  surface  of  the 
limestone,  and  belong  to  a  later  and  higher  terrestrial  surface,  which 
cannot,  however,  be  distinguished  from  the  day  of  sunilar  character 
above  and  below. 

The  Xth  Group  contains  a  vast  thickness  of  sandstones  and  shales, 
the  latter  chiefly  of  chocolate  colours,  which,  as  they  afforded  few 
facts  of  interest,  were  not  measured  in  detail.  This  group  points  to 
a  long-continued  interruption  of  the  swamp-deposits  previously  in 
progress.  During  the  greater  part  of  the  time  occupied  m  the  forma- 
tion of  these  beds,  the  locality  must  have  been  a  sandy  or  muddy  sea- 
bottom,  receiving  much  mechanical  detritus,  or  an  expanse  of  flats 
of  reddish  mud  and  brown  or  grey  sand,  covered  by  the  tides.  There 
are,  however,  some  evidences  of  terrestrial  conditions.    In  the  lowest 
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beds  is  a  large  erect  stomp,  filled  with  laminated  day  after  the  com- 

{ilete  decay  of  its  wood.  In  the  clay  filling  it  were  abundance  of  Fern- 
eaves,  Poacites,  Lepidaphylla^  a  few  plimts  with  attached  Spirorbis, 
and  a  shell  of  Modiola.  This  tree  was  rooted  in  a  thick  nnderday 
fnll  of  rootlets  of  Stigmaria.  Higher  np  there  are  several  thin  coaly 
bands,  with  underclays;  many  of  the  shales  abound  in  leaves  of 
Ferns  and  Poacite*,  probably  drifted,  and  the  highest  sandstone 
showed  a  laive  erect  tree. 

Group  XI.  commences  with  a  soil  resting  immediately  on  the 
truncated  top  of  the  tree  last  mentioned.  On  this  soil  was  formed  a 
deep  swamp,  now  represented  by  5  feet  of  coal  and  bituminous  shale 
in  alternate  bands.  Large  quantities  of  clay  and  sand  buried  this 
swamp,  but  not  in  such  a  maimer  as  to  preclude  the  growth  of  trees, 
many  of  which  were  entombed  in  the  erect  position.  In  these  sand- 
stones and  shales,  no  less  than  six  erect  trees  were  observed  at  dif- 
ferent levels,  the  lowest  being  rooted  in  the  shale  forming  the  coal- 
roof :  15  feet  of  the  trunk  of  one  of  these  trees  still  remain ;  two 
others  were  respectively  5  and  6  feet  high.  Erect  Catamites  vrere 
also  observed.  The  soil  which  was  formed  on  the  surface  of  these 
beds  supports  one  of  the  thickest  coal-beds  in  the  section,  mark- 
ing a  long  and  undisturbed  accumulation  of  vegetable  matter.  It 
was  covered  by  clay,  which  became  a  Stigmaria-soil,  and  was  then 
submerged  for  a  sufficient  time  to  allow  the  formation  of  a  small  bed 
containing  Cypria  and  Spirarbis,  Above  this  we  find  a  series  of 
beds  indicating  swamp  conditions,  alternating  with  aqueous  drift  and 
deposition,  and  finally  again  ^ving  place,  for  a  long  period,  to  the 
qmet  estuary  or  lagoon,  inhabited  by  Modiola  and  ganoid  fish,  and 
receiving  httle  mechanical  sediment.  We  have  here,  as  in  some  pre- 
vious groups,  three  distinct  conditions  of  the  surface  : — ^first,  terres- 
trial surfaces  more  or  less  permanent ;  secondly,  undisturbed  marine 
or  brackish  water  conditions ;  thirdly,  intervening  between  these  the 
deposition,  probably  with  considerable  rapidity,  of  sandy  and  muddy 
sediment.  We  may  also  observe  that,  admitting  the  StigmaruB  to  be 
roots  of  trees,  there  are  five  distinct  forest-soils  without  any  remains 
of  the  trees  except  their  roots;  and  we  shall  find  throughout  the  sec- 
tion that  the  forest-soils  are  much  more  frequently  preserved  than 
the  forests  themselves. 

The  Xllth  Group,  80  feet  in  thickness,  consists  of  sandstones  and 
shales,  with  few  vegetable  remains.  There  are,  however,  several 
underclays,  and  one  thin  coal,  and  erect  stumps  appear  at  five 
distinct  levels.  One  of  them  is  the  largest  tree  observed  in  the  sec- 
tion :  it  measured  4  feet  in  diameter,  and  was  5  feet  in  height.  Its 
surface  was  irregularly  ribbed,  and  it  was  rooted  in  clay  containing  Stig- 
maria-rootlets.  Its  roots,  however,  were  too  imperfectly  preserved  to 
show  the  markings  of  Stigmaria,  In  this  group  we  have  probably 
the  margin  of  alluvial  deposits,  graduallv  spreading  over  the  Modiola- 
inhabited  waters  of  the  last  group,  and  occasionally  presenting  dry 
surfaces  for  a  time  sufficiently  long  to  admit  of  the  growth  of  trees  of 
great  size. 

In  the  large  series  of  beds  included  in  Group  XIII.,  there  are  no 
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less  than  thirteen  distinct  forest-surfaces,  marked  by  underclays  or 
erect  trees,  and  five  periods  of  submergence  indicated  by  beds  with 
Modiolay  &c.,  and  three  of  them,  at  least,  of  very  long  duration.  It 
will  be  obsenred  that,  in  three  instances,  the  order  of  succession  is 
nnderday — coal — bituminous  limestone.  This  arrangement,  so  com- 
mon in  other  parts  of  the  section,  seems  to  show  a  connection  other 
than  accidental  between  the  long  periods  of  terrestrial  repose  required 
for  the  growth  of  coal,  and  those  of  quiet  submergence  necessary  for 
the  growth  of  Modiola-beds.  Perhaps  the  submerged  coal-swamp 
was  the  most  fitting  habitat  for  Modiola  and  its  associates;  and 
these  sunken  swamp-areas  may  have  been  so  protected  by  thick  mar- 
gins of  jungle  as  to  resist  for  a  long  time  the  mflux  of  turbid  waters. 
In  ascending  through  Group  XIII.,  the  first  object  of  interest  is 
a  band  of  bituminous  Bmestone  with  Modiola,  CoproliteSy  and  Cypris, 
which  forms  the  roof  of  one  coal  and  the  underclay  of  another,  erincing 
important  changes  of  level  with  scarcely  any  sedimentary  deposi- 
tion. Above  the  upper  coal,  however,  we  have  an  erect  plant,  only 
4  inches  in  diameter,  surrounded  by  arenaceous  shale,  and,  in  the 
finer  clay  surrounding  its  base,  Poacites  with  attached  Spirorbis, 
which  probably,  like  some  of  its  modem  congeners,  could  grow 
rapidly,  and  with  equal  facility,  either  on  drifting  or  stationary  plants. 
Stdl  higher  in  this  group,  and  immediately  above  a  thick  bed  of 
bituminous  Umestone  and  Modiola-shale,  is  a  very  curious  association 
of  erect  plants.  An  erect  tree,  converted  into  coal,  springs  from  the 
surface  of  the  shale,  and  passes  through  14  feet  of  sandstone  and 
shale.  Apparently  from  the  same  level  there  rises  an  erect  ribbed 
tree,  probably  a  Sigillaria,  in  the  state  of  a  stony  cast,  which,  how- 
ever, extends  only  to  the  top  of  the  sandstone.  In  the  sandstone, 
and  rooted  about  a  foot  above  the  base  of  the  erect  trees,  are  a  num- 
ber of  erect  Calamites,  In  this  case  the  forest-soil  has  been  covered 
by  about  a  foot  of  alliaceous  sand,  on  which  a  brake  of  Calamites 
n>rung  up.  Further  accumulations  of  sand  buried  them,  and  covered 
the  trunks  of  the  trees  to  the  depth  of  8  feet.  By  this  time  the 
SigUlaria  was  quite  decayed,  and  its  bark  became  a  hollow  cylinder, 
reaching  only  to  the  surface  of  the  sand,  and  ultimately  filled  with 
it.  The  other  tree  still  stood  above  the  surface,  until  6  feet  of  mud 
were  deposited,  when,  its  top  being  broken  off,  it  also  completely 
disappeu^  beneath  the  accumulating  sediment ;  and  being  softened 
and  crushed  by  the  lateral  pressure  of  the  surrounding  mass,  it  was 
finally  converted  into  an  irregular  coaly  pillar,  retaining  no  distinct 
traces  either  of  the  external  form  or  internal  structure  of  the  original 
plant.  The  structure  of  similar  trees,  to  be  noticed  further  on,  ren- 
ders it  likely  that  this  coaly  tree  is  the  remains  of  one  of  the  Arau- 
earian  Ckmifers,  which,  it  appears,  flourished  in  the  coal-swamps 
in  company  with  the  SigiUaria.  The  surface  of  the  clay  which 
buried  this  remarkable  tree  became  itself  an  underclay  or  soil ;  and  in 
the  sandstone  resting  upon  it  were  found  casts  of  two  erect  trees,  one 
of  them  5  feet  in  height,  and  a  Sigillaria  with  distinctly  marked 
leaf-scars.  The  tops  of  these  trees  have  been  entirely  removed, 
and  their  hollow  stems  filled  with  sand,  before  the  deposition  of  a 
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bed  of  mud  resting  upon  them,  and  which  b  now  the  underday  of 
a  bed  of  coal.  This  coal  was  next  submerged  under  the  conditions 
required  for  bituminous  limestone  and  Modiola-shale.  The  Mo- 
diola- waters  were  then  filled  up  with  day  and  sand,  the  latter  rip- 
pie-marked,  and  with  drifted  y^table  fragments.  Another  soil  was 
formed  above  these  beds,  and  on  it  we  find  an  inch  of  coal,  witli 
flattened  SiffillaruB,  which  probably  once  grew  on  the  underday. 
This  terrestrial  surface  was  succeeded,  as  usual,  by  waters  swarm- 
ing with  Modioke  and  fish,  and  on  these  were  spread  out  beds 
of  sand  and  mud,  with  ripple-marks,  drift-trees,  and  eyidences  of 
partial  denudation  by  currents.  A  terrestrial  surface  was  again  re- 
stored, and  4  inches  of  coal  were  accumulated ;  but  the  waters  again 
prevailed,  and  in  the  coal  itself  we  find  Modiola,  Cypris,  and  plants 
covered  with  Spirorbis,  indicating  that  these  creatures  took  possession 
while  the  vegetable  matter  was  still  recent,  and  probably  much  of  it 
in  an  erect  position.  A  terrestrial  surface  was,  however,  soon  restored ; 
for  in  the  shale  which  covers  the  coal  there  is  a  fine  ribbed  stump, 
2  feet  in  diameter,  and  displaying  on  its  roots  the  markings  of  the 
true  Stigmaria  Jicaides,  as  well  as  the  rootlets  tn  siht  in  me  shale. 
This  is  the  first  instance  we  have  here  yet  met  with  of  the  distinct 
connection  of  an  erect  ribbed  stem  with  its  Stigmaria-roots.  The  causes 
of  the  difficulty  of  observing  the  roots  and  stem  in  connection  will 
be  stated  in  the  sequel. 

The  next  group  is  probably  the  result  of  somewhat  rapid  mecha- 
nical deposition.  Its  lowest  bed  is  a  thick  sandstone,  deposited  by 
currents  which  have  undermined  wooded  banks,  or  passed  through 
recently  submerged  forests,  for  it  contains  numbers  of  trunks  of  dif- 
ferent trees,  retaining  their  bark  and  surface-markings.  In  the 
succeeding  110  feet  of  sandstone  and  shale,  I  have  noted  but  <Mie 
underday,  supporting  only  a  thin  carbonaceous  layer,  which  may, 
however,  have  been  a  soil  for  a  long  time.  There  are,  howev^,  erect 
trees  and  Calamites  at  three  levels ;  and  one  of  the  trees  springs 
from  a  shale  loaded  with  Poacites  which  may  have  grown  around 
its  base. 

The  next  Group  (XY .)  is  one  of  the  most  interestiiig  in  the  section. 
We  have,  first,  the  usual  succession  of  underday,  coal,  and  shale, 
capped  by  a  thick  deposit  of  sandstone  and  shale,  with  erect  Cala- 
mites in  the  lower  part,  and  above  these  prostrate  trunks  oiStgtUaria 
and  other  trees.  On  this  rests  an  underday,  with  a  coal  6  inches 
thick.  In  a  bed  of  argillaceous  sandstone,  9  feet  in  thickness,  which 
covers  this  coal,  were  observed  four  erect  trees,  erect  Catamites,  and 
Stigmaria,  at  three  levels ;  and  in  one  of  the  erect  trees  (fig.  2)  occurred 
the  remains  of  two  reptilian  animals,  and  a  land-shell  described  in  a 
former  communication'*'.  Only  three  erect  trees  were  observed  in  this 
bed  in  1852t.  The  fourth,  which  I  found  in  the  summer  of  1853, 
stands  on  the  surface  of  the  coal,  and  consists  merdy  of  the  coaly 
bark  enclosing  a  mass  of  fragments  of  decayed  wood  m  the  state  of 
mineral  charcoal,  as  represented  in  figs.  14a, ms.  and  146,  ms.  (fig.  18). 

*  Qturt.  Joum.  Geol.  Soc.  Miy  1853,  vol.  ix.  p.  58. 
t  One  of  these  trees  has  Stigmarii-roots :  fig.  8  ms. 
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The  wood  of  this  tree  shows,  in  the  longitudinal  section,  a  cellular 
tissue,  precisely  similar  to  that  of  the  Coniferse ;  the  cross  section 
shows  only  elongated  cells,  but  is  very  badly  preserred.  A  tree  of 
this  description  is  not  likely  to  have  been  more  perishable  than  the 
SiffiUaruB^  which,  in  the  same  situation,  remained  until  9  feet  of  sandy 
mud  had  accumulated.  I  suspect,  therefore,  that  this  stump  may  be 
the  remains  of  a  coniferous  forest,  which  preceded  the  Sigillaria  in 
thislocali^,  and  of  which  only  decaying  stumps  remained  at  the  time 
when  the  latter  were  buried  by  sediment.  This  is  the  more  Hkely,  as 
the  appearances  indicate  that  this  tree  was  in  a  complete  state  of 
decay  at  the  very  commencement  of  the  sandy  deposit.  The  rep- 
tilian remains  found  in  these  beds  give  them  more  than  ordinary 
interest,  and  may  excuse  a  reference  to  the  probable  history  of  their 
formation  more  detailed  than  in  the  case  of  other  parts  of  the  section. 

Fig.  2. — Section  of  middle  part  of  Group  XV.  (p.  6),  in  which  the 
Dendrerpeton  and  Land-shells  have  been  found.  See 
Quart.  Journ.  Geol.  Soc.  vol.  ix.  p.  61. 


1.  (JnderclaT,  with  rootlets  of  SHfrmetria,  resting  on  grej  shale,  with  two  thin  coaly  seams. 

2.  Grey  Mndstone,  with  erect  toees,  Calamites,  and  other  stems  :  Q  feet. 

3.  Coal,  with  erect  tree  on  its  surface :  0  inches. 

4.  UnderclaT,  with  Stigmaria  rootlets. 

a.  Calamitwi.  c.  Stigmaria  roots. 

6.  Stem  of  plant,  undetermined.  d.  Erect  tnmk,  Q  leet  high. 

(1.)  The  Stigmaria-underclay,  4,  shows  the  existence  of  a  Sigillaria 
forest,  on  the  soil  of  which  was  collected  sufficient  vegetable  matter 
to  form  6  inches  of  coal,  which  probably  represents  a  peaty  bog 
sereral  feet  in  thickness.  (2.)  On  this  peaty  soil  grew  the  trees 
represented  by  the  stump  of  mineral  charcoal  mentioned  above,  and 
which  were  probably  coniferous.  This  tree,  being  about  1  foot  in 
diameter,  must  have  required  about  fifty  years  for  its  growth  to  that 
lize.  It  was  then  killed,  perhaps  by  the  inundation  of  the  bog. 
(3.)  During  the  decay  of  the  tree  last  mentioned,  Siffillaria,  d,  grew 
around  it  to  the  diameter  of  2  feet,  when  they  were  overwhelmed  by 
sediment,  which  buried  their  roots  to  the  depth  of  about  18  inches. 
At  this  level  Calamites,  a,  and  another  Sigillaria  began  to  grow,  the 
former  attaining  a  diameter  of  4  inches,  the  latter  a  diameter  of  about 
I  foot.  (4.)  These  plants  were  in  their  turn  imbedded  in  somewhat 
coarser  sediment,  but  so  gradually  that  trees  with  Stigmarian  roots,  c, 
grew  at  two  higher  levels  before  the  accumulation  of  mud  and  sand 
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attained  the  depth  of  9  feet,  at  which  depth  the  original  laxgieSiffiUaruB, 
that  had  grown  immediately  over  the  coal,  were  broken  off,  and  their 
hollow  trunks  filled  with  sand.  Before  being  filled  with  sand,  these 
trees,  while  hollow,  must  for  some  time  have  projected  firom  a  swamp  or 
terrestrial  surface,  such  as  that  which  immediately  succeeds  them  in 
ascending  order ;  and  it  is  no  doubt  to  this  circumstance  that  we  owe  the 
occurrence,  in  one  of  them,  of  reptilian  remains  and  land- shells,  as  well 
as  a  mass  of  vegetable  fragments,  such  as  Calamites,  Poacitea,  and  a 
Lepidostrobus  *,  evidently  introduced  before  the  sedimentary  matter, 
and  forming  just  such  a  mass  as  might  be  supposed  likely  to  fall  into 
an  open  hole  in  a  forest  or  swamp.  (5.)  The  remaining  beds  of  this 
group  eyidence  the  continuation  of  swampconditions  for  a  long  time 
after  the  trees  last  noticed  were  completely  buried.  They  include,  in 
a  thickness  of  28  feet,  three  underclays  supporting  coaly  beds,  and 
one  with  erect  stumps;  one  of  them  with  Stigmarian  roots  and 
ribbed.  One  of  the  coaly  beds,  which  alternates  with  laminap?  of 
shale,  is  filled  with  flattened  trunks  of  SigMaria  and  Lepidodendron, 
which  probably  grew  on  the  surfaces  on  which  they  now  lie,  and 
indicate  how  smim  a  thickness  of  coaly  matter  mnj  mark  the  time 
required  for  the  growth  and  decay  of  many  successive  forests. 

On  the  whole,  we  can  scarcely  err  in  amrming  that  the  habitat  of 
the  Bendrerpeton  Acadianutn  and  its  associates  was  a  peaty  and 
muddy  swamp,  occasionally  or  periodically  inundated,  and  in  which 
growing  trees  and  Calamite  brakes  were  being  gradually  buried  in 
sediment,  while  others  were  taking  root  at  higher  levels,  just  as  now 
happens  in  the  alluvial  flats  of  laree  rivers. 

I  may  add  that  in  1853  I  found,  in  some  additional  fragments  of 
the  reptiliferous  tree  collected  by  Mr.  Boggs,  superintendent  of  the 
Joggins  mine,  a  second,  though  imperfect  specimen  of  the  land- 
shell  figured  in  the  paper  already  referred  to  (vol.  ix.  pi.  4),  and  a 
few  fragments  of  bone,  apparently  vertebrse. 

Group  XVI.  consists  of  one  thick  bed  of  grey  sandstone,  with 
prostrate  carbonized  trunks.  The  sandstone  is  highly  siUceous,  and 
of  the  kind  used  for  grindstones.  It  is  the  result  of  the  complete 
submergence  of  the  swamps  of  the  last  group,  and  their  invasion  by 
sand-bearing  currents. 

The  next  Group  commences  with  the  growth  of  Calatnites  on  the 
surface  of  the  great  sand  bed  last  noticed,  after  which  there  was  the 
formation  of  an  underclay  and  coal,  the  latter  being  afterwards  inun- 
dated, and  the  plants  at  its  surface  overgrown  with  Spirorbis.  In 
the  shale  covering  this  coal,  about  14  feet  above  its  surface,  is  a  bed 
with  shrinkage  cracks,  and  containing  a  stool  of  SHgrnaria,  one  of 
the  roots  of  which  was  traced  9^  feet.  Its  rootlets  were  attached, 
so  that  it  can  scarcely  have  been  a  drift-stump ;  and  if  now  tit  nhty 
it  must  have  grown  on  a  mud-bank  alternately  inundated  and  dry, 
Hke  the  present  salt-marshes  of  the  Bay  of  Fimdy.  The  SHgmaria 
in  this  bed  is  not  of  the  most  common  variety  or  species.  It  has 
round  marks  regularly  arranged,  but  flat,  and  without  depressed 
areolae,  as  represented  in  fig.  13,  ms.  That  growth  on  occasionally 
*  Found  in  1853. 


Digitized  by 


Google 


1853.J 


DAWSON COAL-MEASURES,  NOVA  SCOTIA. 


23 


inundated  mnd  and  sand  was  quite  natural  to  the  trees  with  Stigmarian 
roots,  is  shown  not  only  by  instances  in  this  section,  but  by  a  very 
remarkable  bed  at  Port  Hood,  Cape  Breton,  which  I  may  refer  to 
here  as  belonging  to  precisely  the  same  class  of  facts  with  that  now 
under  consideration. 

A  bed  of  sandstone,  in  the  coal  formation  at  Port  Hood,  is  filled 
with  the  stamps  of  large  erect  ribbed  trees,  with  very  distinct  Stig- 
marian roots  of  two  species ;  and  more  than  one  generation  of  trees 
must  have  grown  on  tne  spot,  since  one  large  stump  was  observed  to 
be  penetrated  by  the  root  of  another  tree,  which  must  have  grown 
throng  it  afler  it  became  filled  with  sand,  fig.  3.     Yet  several  of 

Fig.  3. — Stump  of  a  tree  penetrated  by  Stigmaria ;  from  the  coal- 
meaaure9  at  Port  Hood,  Cape  Breton  Island. 


-.^2^ 


the  layers  of  this  sandstone  are  ripple-marked;  and  the  sandstone 
immecuately  underlying  one  of  the  large  stumps,  which  had  been 

removed,  was  found  to  be  distinctly 


Fig.  4. — Impression  of  tree- 
stun^  in  sandstone,  voith  rip- 
pie-marks  ;  from  Port  Hood, 


rippled,  fig.  4 .  At  Port  Hood  the 
beds  dip  gently  toward  the  sea, 
and  at  low  tide  a  large  surface  of 
the  rock  is  exposed,  with  stony 
casts  of  stumps  projecting  from  it, 
and  Stigmaria-roots  spreading  in 
all  directions. 

Group  XVIII.  is  a  series  of 
sandstones  and  shales  less  perfectly 
exposed  than  most  other  parts  of 
the  section.  Chocolate  colours 
prevail  among  the  shales,  and  on 
the  whole  this  group  presents  few 
indications  of  terrestrial  condi- 
tions. One  of  the  beds,  however, 
has  a  surface  with  shrinkage 
cracks,  and  we  observed  a  bed  of 
erect  Catamites  and  a  Stigmaria- 
soil. 
Group  XIX. — The  next  group 
is  of  greater  interest,  showing  seven  soil-surfaces,  intermixed  with 


a.  Ripple-mmrlu. 
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sedimentary  deposits.  The  lower  part  presents  the  usual  succes- 
sion of  underclays,  coals,  and  shales ;  and  two  of  the  coals  contain 
well-preserred  remains  of  the  plants  (l^iffUlaria,  PoaciteM,  &c.) 
which  erew  on  their  underclays.  The  highest  coal  of  this  group 
has  undergone  a  temporary  submergence,  as  its  upper  part  con- 
tains Poacitea  coTcred  with  Spirarbis,  That  this  submergence  was 
not  without  mechanical  dq)osition,  is  shown  by  the  preservation  in  an 
erect  position  of  several  Calamites  which  grew  on  the  surface  of  the 
coal.  On  the  clay  next  deposited  grew  a  furrowed  tree,  with  Stig- 
maria-roots  (like  that  of  fig.  1 3,  ms.)  .  This  smfeuse  was  buried  under 
the  irreeularly-bedded  mass  represented  in  fig.  1,  and  the  probable 
origin  of  which  has  been  already  referred  to  (p.  13).  The  surfiice, 
having  been  levelled  by  these  deposits,  was  agam  occupied  by  forests 
of  the  Stigmaria-rooted  trees,  the  only  remains  of  which  are  an  under- 
clay,  somewhat  arenaceous,  and  a  thin  layer  of  impure  coal  with 
flattened  carbonized  trunks.  On  this  prostrate  forest  a  thick  bed  of 
clay  was  deposited,  on  the  surface  of  which  grew  the  finest  Calamite 
brake  now  remaining  in  the  section.  These  Catamites  are,  as  usual, 
stony  casts,  and  they  are  buried  in  a  thick  bed  of  sandstone  passing 
downward  into  arenaceous  shale.  The  largest  stems  are  5  inches  in 
diameter,  and  attain  a  height  of  8  feet,  when  they  are  broken  off 
without  any  diminution  of  their  diameter.  They  grew  in  groups  or 
clusters,  and  were  so  numerous,  that,  in  one  place,  twelve  stems  were 
counted  in  8  feet  measured  along  the  face  of  the  diff.  From  the 
base  of  the  cliff  to  the  level  of  low  water,  120  paces  distant,  they 
were  observed  to  occur  abundantly.  Part  of  this  bed  is  shown  in 
fig.  5,  MS.,  where  three  groups  are  seen,  the  individual  stems  con- 
verging toward  the  base,  and  terminating  in  blunt  points,  as  in  the 
case  of  the  bed  of  erect  Calamites  at  Pictou,  described  by  the  vniter  ^. 
Fibrous  roots,  probably  those  of  the  Calamites,  occur  m  the  under- 
lying shale. 

The  beds  last  noticed  curiously  indicate  the  different  ways  in 
which  the  lapse  of  geological  time  may  be  marked.  The  sandstone, 
8  feet  in  thicJmess,  enveloping  the  Ctdamites,  must  have  been  depo- 
sited in  a  year  or  two.  A  layer  of  coal,  2  inches  thick,  is  all  tnat 
marks  the  growth  and  decay  of  a  forest. 

The  XXth  Group  b  a  series  of  sandstones  and  shales,  with  three 
underclays.  The  shales  are  mostly  chocolate-coloured,  and  the 
sandstones  grey  and  irregularly  bedded. 

The  XXfst  is  a  succession  of  swamp-deposits,  vnth  a  few  barren 
intervals,  but  presents  nothing  sufficiently  novel  to  detain  us. 

The  XXIInd  is  a  rather  barren  group,  containing  however  erect 
plants  at  two  levels.  The  lowest  of  these  has  both  ribbed  stumps 
and  Calamites.  The  latter  present  evidences  of  extreme  decay.  The 
bark  has  not  retained  its  cylindrical  form,  but  has  fallen  inward  in 
strips,  leaving  a  rude  cylindrical  cavity  now  filled  with  day-ironstone 
and  shale. 

Group  XXIII.  is  the  most  important  continuous  series  of  swamp 
and  estuary  deposits  in  the  section,  and  includes  the  coal-seam  at 
*  Qotrt.  Jonrn.  Geol.  Soc.  vol.  vii.  p.  195.  fig.  1. 
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present  mined.  It  commences  witih  a  black  bitumiuous  underclay, 
probably  a  soil  of  long  continuance ;  it  is  filled  with  Stigmarite, 
It  supports  a  bed  of  coal  on  which  grew  a  forest  of  large  trees,  of 
which  a  few  very  imperfectly  preserved  stumps  alone  remain. 
AboYe  this  we  have  a  succes^on  of  shales  and  coals  with  underclays ; 
the  shales  having  at  one  level  an  erect  tree,  and  in  several  places  an 
abundance  of  prostrate  plants.  The  surface  was  then  covered  with 
water,  depositmgmud  and  fragments  of  plants  to  which  the  Spirorbis 
attadied  its  shells.  On  these  sandstones  StigmaruB  again  took  root, 
and  two  beds  are  filled  with  well-preserved  stools  of  these  singular 
roots,  each  with  four  main  divisions  branchmg  dichotomously  and 
with  rootlets  attached.  They  must  have  grown  on  beds  of  argillaceous 
and  somewhat  calcareous  sand.  The  only  result  of  the  growth  of 
these  dense  forests  was  an  inch  of  impure  coal,  over  the  highest 
8tigmaria-bed.  A  lower  and  less  important  one  supports  an  erect 
ribbed  stump.  Above  the  coal  last  mentioned  is  a  muddy  underclay 
with  much  vegetable  matter,  on  which  a  varied  and  beautiful  vegeta- 
tion has  flourished,  and  now  Hes  prostrate  in  a  thin  band  of  shale 
and  ironstone.  In  this  instance  we  found  three  species  of  Sigillaria, 
^FavulariOf  and  multitudes  o{  Poacites  and  other  leaves,  as  well  as 
Carpolites.  Many  of  these  fossils  have  SpirorbU  attached.  They 
no  doubt  mark  the  site  of  a  submerged  and  ffdlen  forest,  which 
instead  of  appearing,  Uke  so  many  others,  as  a  thin  layer  of  coal,  has 
first  served  as  a  habitation  for  Spirorbis,  and  then  been  buried  in 
abundant  deposits  of  clay  and  carbonate  of  iron.  A  Httle  higher  in 
this  group  we  find  a  thin  coaly  band,  almost  wholly  composed  of 
Poaeites,  No  roots  appeared  in  the  underclay,  and  it  is  consequently 
possible  that  these  leaves  may  have  been  drifted  by  water.  On  this 
coal  is  a  thick  bed  of  shale,  supporting  two  interesting  erect  stumps, 
represented  in  figs.  6  &  6  a,  ms.  From  the  clay  in  which  they  are 
rooted  thev  pass  upward  through  a  sandstone  2  feet  in  thickness 
into  a  shale  with  ironstone  bands  above.  The  smaller  of  the  two 
is  ribbed,  but  without  leaf-scars— its  roots  are  concealed  under  the 
beach.  Opposite  the  sandstone  the  cast  of  the  hollow  trunk  is  of  the 
same  material,  but  the  sandstone  vrithin  the  bark  rises  7  inches  above 
the  surface  of  that  without,  shovring  that  the  sand  bed  was  ooce  thicker 
than  at  present,  and  that  a  part  of  it  had  been  removed  from  around 
the  stump  before  the  deposition  of  the  next  bed.  It  is  probable  that 
the  level  of  the  sand  within  the  trunk  was  originally  lower  than  that 
without,  and,  if  so,  this  sandstone  may  have  lost  much  more  than 
7  inches.  Tlie  lai^r  stump,  though  rooted  at  the  same  level  as  the 
smaller  tree,  is  brought  by  the  rise  of  the  beds  to  a  sufficient  height  to 
allow  its  roots  to  be  seen.  It  shows  that  while  the  sandstone  within 
these  stumps  rises  higher  than  that  without,  it  also  descends  lower, 
though  not  quite  to  the  roots,  which  with  the  base  of  the  stump  are 
filled  with  day.  We  thus  learn  that  after  the  trunk  became  hollow, 
and  while  its  top  continued  to  stand  at  least  3  feet  above  the  surface, 
it  was  partly  filled  vrith  a  deposit  from  muddy  water.  The  mud 
within  was,  however,  much  lower  than  that  without,  when  sand 
began  to  be  deposited  and  filled  the  greater  part  of  the  stump.     The 
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overlying  shales  bend  downward  into  the  tops  of  these  stnmps,  show- 
ing that  the  material  within  was  more  compressible  than  that  without, 
perhaps  in  conseaaence  of  some  vegetable  matter  remaining  at  the  base 
of  the  trunk.  The  roots  of  the  laj^r  tree  have  Stigmaria-markings, 
and  the  rootlets  were  distinctly  preserved  in  the  slude.  Portions  of 
the  surface  of  the  trunk  showed  the  markings  of  a  broad-ribbed  Si- 
^rt//ar»a,  with  oval  leaf-scars  on  the  ligneous  suifikce.  The  bark,  which  is 
in  a  coaly  state,  is  about  an  eighth  of  an  inch  in  thickness,  and  its  ori- 
ginal strength  and  durabihty  are  well  illustrated  by  the  circumstances 
in  which  these  trunks  have  been  preserved.  The  detailed  Section, 
p.  4,  sufficiently  illustrate  the  beds  unmediatelv  succeeding,  including 
the  main  coal.  The  shale  roof  of  the  latter,  however,  merits  special 
remark.  It  abounds  in  large  prostrate  trunks  of  SigiUaria  and 
Lepidodendron.  One  of  the  former  has  been  traced  for  30  feet  in 
the  roof  of  the  mine.  Poacites,  Jsterqphyllites,  Ferns,  and  other 
leaves  also  abound  in  it,  and  many  of  these,  as  well  as  the  trunks 
of  the  prostrate  trees,  have  attached  Spirarbis.  Shells  of  Moduda 
also  occur,  though  rarely.  In  addition  to  all  this,  there  are  erect 
stumps,  the  Stigmaria-rootlets  of  which  insinuate  themselves  like 
worms  within  the  bark  of  the  fallen  trunks  buried  in  the  same  shale. 
A  collection  from  this  bed  gives  a  fine  picture  of  the  flora  of  these 
swamps  of  the  Coal  period. 
On  the  sur&ce  of  a  bed  of  day,  8  feet  above  the  main  coal,  stands 

Fig.  5. — Section  from  the  upper  part  o/"  Group  XXIII.  (p.  4). 


1.  Shale  and  aandatone.    Planta  with  Smrorbia  attached ;  Rain-marin  7 

S.  Sandstone  and  ihale :  8  feet.    Erect  Calamitea.    f    An  erect  coniferooa  ?  tree,  rooted  on 

9.  Ortj  aandatone:  7  feet.  <  the  shale,  passes  up  through  15  feet  of 

4.  Grey  shale :  4  feet.  [  the  sandstones  and  shale. 

5.  Grey  sandstone :  4  feet. 

0.  Grej  shale :  0  inches.    Prostrate  and  erect  trees,  with  rootlets ;  leaves ;  Modiola ;  and  Spi- 
rarbis on  the  plants. 

7.  Main  coal  seam :  3  feet  6  inches. 

8.  UndereUj  with  rootlets. 
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another  erect  tree  conyerted  into  hard  shining  coal,  and  reaching  to 
the  height  of  15  feet,  through  heds  of  sandstone  and  arenaceous  shale 
(fig.  5) .  Its  roots,  which  are  in  the  state  of  coal,  spread  in  an  irregular 
manner  through  the  day  or  soft  shale,  and  its  top  appears  to  he 
broken  off  alMruptly.  Alter  sand  and  mud  had  collected  around 
this  tree  to  the  depth  of  10  feet,  and  while  its  top  projected  above 
the  surface,  a  deiise  brake  of  Calamites  srew  around,  some  of  them 
attaining  a  diameter  of  nearly  2  inches  and  a  height  exceeding  5  feet. 
Farther  accumulations  buried  these  Cakmntes  in  the  erect  position 
to  the  depth  of  5  feet,  when  their  tops  were  broken  off  and  the  im- 
bedded stems  decayed  and  were  replaced  by  sand.  Still  the  erect 
tree  remained  undecayed,  and  though  its  top  was  broken  off  at  this 
level,  only  the  cracks  which  had  formed  in  its  wood  were  filled  with 
sand,  when  the  whole  was  buried  by  farther  accumulations  of  sandy 
sediment,  which  contains  drift-plants  with  attached  Spirarbis,  As 
this  remarkable  tree  was  evidently  more  durable  than  the  ordinary 
SigtUaria^  and  had  irregular  roots  distinct  from  Stifftnaria,  and  as 
it  had  quite  lost  its  surface-markings,  I  was  very  anxious  to  ascertain 
its  internal  structure.  After  many  trials,  however,  I  could  find  only 
very  indistinct  traces  of  cellular  tissue,  the  mass  of  the  fossil  con- 
sisting of  compact  coal  divided  by  transverse  joints,  and  by  an  im- 
mense number  of  minute  vertical  cracks  with  a  few  lai^r  fissures 
which  seemed  to  have  a  concentric  arrangement.  After  abandoning 
the  attempt  in  despair,  I  found,  in  a  box  of  specimens  with  which  1 
was  favoured  by  Mr.  Logan,  a  piece  of  fossil  wood  in  precisely  the 
same  condition  with  this  tree,  but  retaining  in  one  part  distinct 
evidence  of  its  coniferous  nature.  Believing  at  the  time  that  this 
specimen  was  from  the  beds  in  question,  (though  I  have  since  learned 
that  it  belongs  to  another  part  of  the  section,)  I  was  encouraged  to 
make  farther  attempts,  and  had  the  whole  of  the  tree  taken  down  by 
a  miner.  After  careftdly  selecting  the  most  promising  portions,  I 
made  new  slices,  and  was  rewarded  by  finding  cellular  tissue  of  distinct 
coniferous  character,  and  in  one  small  portion  the  hexagonal  disks 
or  reticulations  characteristic  of  the  Araucarian  type  of  pines  (see 
figs.  6  a,  a,  &  7).    If,  as  J  have  no  doubt,  this  tree  grew  where  it  now 

stands,  we  have  thus   evi- 

Figs.  6  &  7. — Miero9copical  structure    dence  that  coniferous  trees 

o/  the    erect    coniferous   tree  in    grew  in  the  same   swamps 

Group  XXIII.  (fig.  5).  which   produced  SigUlaria 

pj^  g  p^-  7  and  Calamites^  though  they 

**    '  *©•    •  had  hitherto  been  found  only 

as  drifted  trunks  in  the 
sandstones.  Their  compa- 
rative rarity,  however,  in 
connection  with  their  dura- 

LongitttdindKctkra  of  Tmiwvene •ection of     |jle    nature,   SCCmS  tO   prOVC 

that  they  formed  only  a  small 
part  of  the  vegetation  of  these  swamps. 

Passing  over  a  few  beds  containing  evidences  both  of  growth  in 
place  and  driftage,  we  find,  near  the  top  of  this  group,  a  thin  bed  of 
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impure  coal  containiiig  trees  with  attached  Spirarbis,  and  intermixed 
with  these  fish-scales  and  Cypris,  the  whole  heing  capped  hy  Modiola- 
shale.  To  accomit  for  the  fossils  in  this  coal,  whidi  rests  on  a  true 
underday,  we  must  suppose  the  submergence  of  a  forest,  in  such 
circumstances  that  fish  and  Cypris  lived  among  its  sunken  trunks, 
and  were  buried  along  with  them  as  they  decayed  and  fell  to  the 
bottom. 

In  Group  XXIY.  the  waters  retain  their  dominion,  thou^  gra- 
dually filling  up  with  sediment.  The  sandstones  of  this  croup  are 
very  uniform  and  evenly  bedded  as  compared  with  those  of  the  last, 
and  present  no  indications  of  vicinity  to  shores  or  water-courses, 
except  in  the  presence  of  drift-wood  and  some  singular  scratches  and 
furrows  on  the  surfaces  of  the  shales,  casts  of  which  have  been  taken 
by  the  overlying  sandstones.  Marks  of  this  kind  are  very  frequent 
in  the  Coal  formation.  They  occur  on  a  grand  scale  in  the  sandstone 
quarries  of  Pictou,  and  also  on  the  French  River  of  Tatmagouche. 
Many  of  them  might  easily  be  included  in  the  convenient  tribe  of 
FucoideSy  but  their  want  of  uniformity,  the  absence  of  organic 
matter,  and  their  occurrence  in  beds  containing  drift-trees  render  it 
probable  that  they  are  scratches  produced  by  roots  or  branches  borne 
over  the  surfisM^  by  currents.  Such  marks  in  modem  inundated 
flats  are  usually  straight,  like  glacial  strise,  but  when  stumps  or 
tree-tops  are  grounded  and  afterwards  borne  off,  the  most  fantastic 
markings  are  produced.  Very  singular  appearances  also  result  from 
the  eddying  of  the  vrater  around  such  obstacles,  and  much  resemble 
mimy  of  these  markings  on  the  carboniferous  rocks. 

The  XXVth  Group  is  another  series  of  fossil  soils  and  their 
accompaniments,  termmating  upward  in  a  thick  bituminous  limestone 
and  Modiola-shide,  with  their  usual  fossils. 

Group  XXVI. — In  the  succeeding  group  we  have  the  filling  up  of 
the  waters  inhabited  by  Modiola,  with  mechanical  detritus.  One 
erect  tree  occurs  in  this  group,  and  many  of  the  beds  of  sandstone 
are  ripple-marked.  On  one  of  these  rippled  sandstones  I  found,  on 
revisiting  the  section  in  1853,  a  aeries  of  footprints,  probably  of  some 
reptilian  quadruped  allied  to  those  found  in  the  fossil  tree  in  another 
part  of  the  section.  These  footprints  are  three-toed,  each  about 
9  lines  in  len^.  The  length  of  stride  is  3^  inches,  and  the  two 
rows  of  footpnnts  3  inches  apart.  Just  where  the  rows  of  steps  bend 
to  the  left,  a  slight  mark  nearer  the  left  side  appears  to  indicate  a  tail 
(fig.  18,  M8^. 

Group  XXVII.  is  a  dense  series  of  underclays  and  their  accom- 
paniments, including  eleven  terrestrial  or  soil  siinaces,  five  thin  coals, 
erect  plants  at  four  levels,  and  two  bituminous  limestones.  It  much 
resemoles  some  of  the  groups  at  the  commencement  of  the  section, 
and  like  some  of  these  is  very  pyritous,  marking  the  action  of  sea- 
water  to  a  greater  degree  than  in  those  central  parts  of  the  measures 
where  ModioUe  and  their  accompaniments  are  less  plentiful.  The 
most  remarkable  part  of  this  group  is  that  represented  in  fig.  8. 
It  includes  a  bed  of  erect  Calamites  and  an  erect  tree  with  distinct 
Stigmaria-roots  (fig.  12,  ms.).     The  underclays  are  here  so  crowded 
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aboye  the  erect  plants,  that  the  rootletsof  one  underclay  pass  downward 
among  the  erect  Calamites,  and  the  rootlets  of  another  pass  beside 

Pig.  S.—Sectian/rom  the  lower  part  q/' Group  XXVII.  (p.  3). 


1.  Shale.     '        9.  Shaly  cofti ;  1  foot.  3.  Underclay  with  rootleta :  1  ft.  9  in. 

4.  Ofcy  tcndstOQe  pMdng  dowmnurda  into  ihalfl :  Sft.      Eract  tree  with  Stigmaria  roots  (e), 

on  tike  coal. 

5.  Coal:  1  indk.  0.  Underclay  with  roota :  10 inches. 

7.  Ofcy  aandttone :  1  ft.  5  in.     Stiflnnaria  rootlets  continued  firom  the  bed  abore ;  erect  Cala- 
mites.  8.  Grey  shale,  with  pyrites.    Flattened  plants. 

and  within  the  cast  of  the  erect  tree,  and  haye  helped  to  obhterate 
its  surface-markings,  by  passing  downward  immediately  within  the 
bark.  The  roots  of  tms  tree  are  casts  in  sandstone,  probably  from 
the  sur&ce  of  the  sand  surrounding  its  upper  part,  but  the  stump 
itself  is  filled  with  shaly  clay  from  the  underclay  above.  It  wiU 
be  obserred  that  one  of  the  bituminous  Umestones  in  this  group 
has  been  converted  into  a  Stigmaria-underday  and  supports  an 
erect  tree. 

In  Group  XXYIII.  and  the  remainder  of  the  section,  we  find 
gradually  decreasing  evidences  of  group  conditions ;  and  in  other 
beds  higher  than  those  in  our  section,  there  are  conglomerates  and 
other  evidence  of  very  different  conditions  from  those  we  have  been 
considering— in  short,  of  a  return  to  the  open  sea  of  the  Lower 
Carboniferous  period.  In  Groups  XXVIII.  and  XXIX.,  however,  we 
have  still  a  number  of  underclays  vrith  thin  coal  seams  and  erect 
plants ;  among  the  latter  some  large  ribbed  trees  and  two  stumps 
converted  into  coaly  matter,  and  vrith  irr^ular  coaly  roots. 

In  conclusion,  it  appears  evident  that  the  series  of  events  indicated 
by  this  remarkable  section,  and  which  I  have  endeavoured  to  state  in 
the  above  historical  sketch,  consists  of  a  long  succession  of  oscillations 
between  terrestrial  and  aquatic  circumstances,  and  unaccompanied  by 
any  material  permanent  change  in  the  nature  of  the  surface  or  in  its 
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organized  inhabitants.  These  oscillations  depended  on  gradual  and 
long-continued  sabsidence,  alternating  with  eleyatorjr  movements,  in 
an  extensive  alluvial  tract  teeming  wim  vegetable  and  animal  life,  and 
receiving  large  supplies  of  fine  detrital  matter.  On  the  one  hand, 
subsidence  tended  to  restore  the  original  dominion  of  the  waters ; 
on  the  other  hand,  elevatory  movements,  silting  up,  and  vegetable  and 
animal  accumulation  built  up  successive  surfaces  of  dry  land,  or  of 
partially  or  occasionally  inundated  swamp.  The  results  of  these  op- 
posing lorces  no  doubt  always  existed  contemporaneously,  so  that  by 
mere  change  of  place  one  could  have  passed  nrom  a  ccMU-swamp  to  a 
Modiola-lagoon  or  a  tidal  sand-flat ;  but  in  each  separate  locality  they 
alternated  with  each  other,  with  greater  or  less  frequency ;  and  it  is 
probable  that  during  a  greut  part  of  the  period  the  locality  of  our 
section  was  near  the  margin  of  the  alluvial  tract  in  question,  where 
the  various  fortunes  of  the  conflict  would  be  more  sensibly  felt  and 
more  easily  recorded  than  nearer  the  open  sea  or  farther  inland. 

IV.  Notices  of  New  Facts  relating  to  the  Fossils  of  the  Coal 
Formation, 

1 .  Siffillaria  and  Stiff maria. — ^The  identity  of  these  plants,  as  the 
trunks  and  roots  of  trees  of  the  same  genus,  has  been  established  by 
Messrs.  Binney  and  Brown,  and  is  farmer  confirmed  by  facts  already 
noticed  in  this  paper.  I  shall  give,  under  this  head,  explanations  of 
some  apparent  difficulties,  and  facts  bearing  on  the  habits  and  struc- 
ture of  these  singular  plants. 

It  has  been  asked,  m  reference  to  the  Joggins  section*,  how  it 
happens  that  so  many  erect  trunks  show  no  roots,  especially  since 
the  great  number  of  fossil  soils  would  lead  us  to  anticipate  that  the 
former  were  less  likely  to  be  preserved  than  the  latter.  In  answer  I 
remark :  (1.)  The  underclays  are  usually  more  perishable  than  the 
sandstones  and  arenaceous  shales  which  contain  the  erect  trunks, 
hence  the  former  are  often  cut  away  before  the  trunks  are  disclosed. 
(2.)  The  roots,  approaching  to  a  horizontal  position,  have  often  been 
compressed  or  converted  into  coal,  when  the  erect  ti\mks  and  vertical 
rootlets  have  been  preserved.  There  are  cases,  however,  in  which 
the  Stigmaria-roots  are  preserved  in  a  horizontal  position,  and  with 
scarcely  any  flattening.  Such  roots  were  probably  hollowed  by  decay 
and  fiUed  with  minend  matter  before  the  beds  were  compressed  by 
the  weight  of  newer  strata. 

The  greater  number  of  the  erect  fossil  trees  in  the  section  do  not 
show  the  markings  oiSiffiUaria,  but  only  furrows  or  ribs  more  or  less 
distinct.  Were  they  all  SiffiUaria  ?  I  think  it  probable  that  most  of 
them  were,  and  account  for  the  disappearance  of  their  external  cha- 
racters in  the  following  ways: — (1.)  These  trees  being  stony  casts  of 
the  interior  of  the  bark,  it  is  evident  that  if,  when  the  sand  or  mud 
forming  the  cast  was  introduced,  thin  films  of  wood  remained  adhering 
to  the  mner  surface,  or  if,  on  the  other  hand,  a  part  of  the  bark  itseU* 
was  removed  by  decay,  in  either  of  these  opposite  cases,  an  indistinct 

*  Quart.  Joom.  Geol.  Soc.  vol.  ii.,  President's  Address. 
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must  result.  (2.)  The  interior  of  the  cjlinder  of  bark  has  often 
been  smeared  with  clay  before  a  cast  was  tiucen,  and  this  clay  either 
comes  away  with  the  bark,  or  falls  off  when  weathered,  taking  with  it 
the  finer  parts  of  the  cast.  (3.)  The  portion  preserved  in  an  erect 
position  is  generally  only  a  few  feet  of  the  base  of  the  tnmk,  where 
the  markii^  were  probably  nearly  obliterated  by  growth.  (4.)  In 
one  instance  rootlets  oiSHgmaria  were  observea  to  pass  downward 
between  the  bark  and  the  matter  filling  the  interior,  and  leaTingjer- 
micolar  impressions  of  their  own  form  oyer  the  whole  sur&ce.  When 
all  these  canses  are  allowed  for,  it  will  not  appear  remarkable  that 
few  erect  trees  retain  their  surfiice-markines,  and  that  these  should 
generally  be  of  the  broad-ribbed  and  strong^  marked  species. 
The  dome-shaped  fossil  in  the  centre  oi  Sttgrnaria^  as  described 

aLindley  and  Mutton,  and  a  similar  body  found  at  Sydney  by 
r.  Brown  haye  occasioned  doubt  as  to  the  true  nature  oiSHgmaria. 
Sodi  appearances  may  haye  been  produced  in  the  following  manner. 
Hie  trunks  afSigillaria  usually  expand  rapidly  toward  the  base,  and 
if  broken  off  near  the  soil,  there  would  be  a  tendency  in  the  bark, 
during  decay  of  the  wood,  to  fall  in  toward  the  centre.  This  would 
be  much  faohtated  by  the  circumstance  that  the  bark  of  Sigillaria 
was  weak  along  the  nirrows,  and  hence  tended  to  split  into  strips. 
Such  strips,  each  with  a  row  of  leaf-scars,  are  found  among  the  detached 
fossils  on  the  Joggins  shore.  In  the  falling  in  of  the  bark,  they 
would  readily  oyerlap  each  other  and  form  a  continuous  coaly 
sur&ce,  leaying  on  the  internal  cast  impressions  of  some  of  the  leaf- 
scars,  if  any  existed  so  near  the  root.  Farther,  the  abrupt  breaking 
off  of  a  cyhnder  of  bark  projecting  above  the  surface  would  crush 
together  the  sides  of  the  imbedded  portion,  leaving  ouly  an  open  slit 
at  top.  This  is  well  seen  in  the  broken  tops  of  erect  Calamites*,  and 
a  curious  instance  of  a  similar  deceptive  appearance  is  presented  by 
erect  Calamites  in  this  section,  which,  when  imperfectly  filled  with 
sediment,  assume  either  the  appearance  of  a  vertical  row  of  lenticular 
bodies  strung  on  a  thin  irregular  string,  or  that  represented  in  fig.  15. 
The  tendency  of  SigUlaruje  to  have  four  main  roots  dividing 
regularly  at  equal  distances  has  been  noticed  by  Messrs.  Binney  and 
Brovm.      It  is  illustrated  by  several  erect  trunks  in  this  section 

ifigs.  6a  &  8,  MS.),  and  still  better  by  the  remains  of  the  erect  trees 
bund  at  Port  Hood.  Fi^.  1,  Port  Hood,  ms.,  represents  a  large 
erect  stump  with  its  four  mam  roots.  Fig.  4,  Port  Hood,  ms.,  represents 
the  markings  on  this  root.  Fig.  4,  p.  23,  represents  the  impression 
of  another  large  stump  in  the  sandstone.  Fig.  5,  Port  Hood,  ms.,  re- 
presents the  markings  of  another  species  of  Sii^maria  found  in  the 
same  bed.  Accidental  deviations  from  this  singularly  regular  division 
of  the  roots  are  sometimes  met  with.  In  a  collection  at  the  Joggins, 
there  is  a  small  stump  from  the  roof  of  the  coal  seam,  with  two  large 
and  two  small  roots,  as  if  it  had  grown  on  the  slope  of  a  bank  or  edge 
of  a  channel.  It  is  also  common  to  find,  especially  in  large  trunks, 
instead  of  four  roots,  four  great  lobes  giving  origm  to  eight  roots. 
The  whole  of  this  arrangement,  as  well  as  the  peculiar  structure  of 
*  Quart.  Joum.  Geol.  Soc.  vol.  vii.  p.  196. 
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the  roodetSy  is  no  doubt  a  special  provision  for  growth  in  soft  and 
homogeneous  alluvial  soils  ana  peaty  muck .  The  curious  resemblance 
of  these  roots  to  the  cable-like  rhizomata  of  the  pond-lilv*>  would 
lead  us  to  infer  that  their  form  and  structure  were  intended  rather 
to  obviate  the  effects  of  excessive  moisture,  than  to  collect  large 
supplies  of  liquid  nutriment. 

A  nodule  of  ironstone  from  one  of  the  underdajs  shows,  though 
somewhat  imperfectly,  the  structure  of  the  rootlets  or  great  hollow 
spongioles  of  Stipmaria.  Fig.  11a,  MS.  \a  a  slice  of  the  natural  sise. 
The  outer  circle  is  the  origmal  form  of  the  rootlet,  now  filled  with 
dear  calc-spar.  "^thin  this  is  the  shrunken  rootlet^  in  a  carbonised 
state.  Fig.  11  b,  ms.  represents  the  remains  of  the  rootlet  magnified, 
and  showing  an  outer  and  inner  cuticle  with  intervening  cellular 
tissue  having  open  spaces.  Fig.  lie,  ms.  is  a  portion  still  more 
hidilv  magnified. 

Different  opinions  have  been  entertained  respecting  the  mode  of 
growth  of  Siffillarue,  owing  to  the  supposed  uniformity  of  the  ribs 
and  leaf-scars  alons  the  whole  length  of  the  trunk.  Mr.  Binney, 
however,  remarks,  that  a  specimen  in  the  Manchester  Museum  shows 
four  kinds  of  leaf-scars.  The  most  distinctly  marked  erect  trunk 
found  by  us  in  the  Jomns  Section  affords  an  interesting  illustration 
of  this  variety  of  mar^ig.     At  the  height  of  5  feet  above  the  base. 

Figs.  9, 10,  &  U . — Ribs  andLea/^ears  of  erect  SiffUlaria  stump,  from 
the  South  Jogging, 

Fig.  10. 
Fig.  9. 


|iii^'''i''^*i'|lrii||l|i 


l^'Vl.li 


At  5  feet  firom  the  root. 


I 


At  from  S  to  3  feet  from  the  root. 


Fig.  11. 


i  II 


New  the  root 


the  lieneous  surface  has  deeply  marked  ribs  and  oval  leaf-scars.    A 

little  lower  it  has  broader  and  flatter  ribs,  with  broad  scars  somewhat 

*  NymphsBE  odonfta. 
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lietit-shapedy  like  those  of  S,  reni/armis.  At  the  base  of  the  trunk 
the  ribs  are  obliterated,  and  there  are  distant  rows  of  double  scars, 
like  those  of  S.  altemans  (figs.  9,  10,  11).  These  differences  must 
have  been  produced  by  expansion  of  the  trunk ;  and  it  would  thus 
seem  that  nbbed  trees  of  this  genus  were  adapted  to  a  remarkably 
regular  kind  of  exogenous  growth,  the  arrangement  of  these  surface- 
miukings  beings  in  one  modification  or  another,  preserved  even  in 
the  lower  part  of  large  trunks. 

From  the  great  abundance  of  Stigmaria  in  some  beds,  it  may  be 
inferred  that  the  trees  to  which  they  belonged  formed  thick  groves. 
In  other  cases,  however,  they  grew  singlv  or  sparsely  on  mud-flats. 
They  could  flourish  on  a  variety  of  soils,  from  poor  sand  to  the  richest 
vegetable  mould,  but  in  all  cases  they  seem  to  have  required  a 
swampy  or  water-soaked  locality.  In  no  instance  did  we  find  leaves 
attached  to  the  trunks  of  Sigillaria,  In  some  of  the  beds,  however, 
the  trunks  are  associated  with  great  numbers  of  leaves  of  Poacites^ 
tnd  slender  grass-like  or  needle-like  leaves  like  those  oi  Lepidodtndron 
tod  Cyperiies, 

The  preservation  of  so  many  trunks  oi  Sigillaria  in  an  erect 
position  is  in  part  due  to  the  very  durable  nature  of  their  bark  as 
compared  with  their  woody  portion.  Tliis  is  well  illustrated  by  the 
occorraace  of  an  inclined  trunk  in  one  of  the  sandstones,  and  a 
prostrate  one  in  the  roof  of  the  main  coal,  with  shells  of  Spirorbis 
attadied  to  the  tuner  side  of  the  bark,  showing  that  the  bark 
remained  for  some  time  under  water  and  perleetly  hollow,  without 
losing  its  form.  In  both  these  instances  the  species  is  a  narrow- 
rkhed  one,  resemblins  S,  Organum.  This  difference  in  the  durability 
ci  the  bark  and  wood  may  be  observed  in  many  modem  trees ;  for 
example  the  canoe  bircliw  Betula  papgracea,  the  tough  bark  of 
which  often  remains  as  a  hollow  cylinder  long  after  the  disappearance 
of  the  wood,  and  may  sometimes  be  seen  in  swamps,  filled  with 
mud,  while  still  apparently  sound  and  fresh.  When  the  casts  of 
erect  trees  are  of  hard  sandstone,  they  sometimes  proiect  from  the 
diff  like  columns  or  pilasters;  but  where  they  are  filled  with  soft 
materia],  they  waste  with  the  surface  of  the  cuff,  and  but  for  some 
^u^t  difference  of  colour,  and  the  coaly  bark  passing  up  at  each 
sick,  across  the  beds,  might  easily  escape  observation.  I  may  remark 
here  that  the  section  includes  the  erect  trees  observed  both  in  1852 
(by  Sir  C.  Lyell  and  myself)  and  1853  (by  myself  alone).  Many  of 
them  were  not  seen  in  1852,  and  others  seen  in  1852  had  quite  dis- 
appeared before  the  summer  of  1853.  I  have  no  doubt  that  a  series 
dT  observations  continued  through  several  years  would  greatly  increase 
the  number  of  beds  with  erect  plants. 

Among  the  most  common  species  of  Sigillaria  at  the  South  Joggins 
are  8,  Oryanwn,  catenulata,  reni/omUsy  scutellata,  and  altemans^  or 
species  cfosely  resembling  these.  Prostrate  trunks  of  three  species 
9t  FamilariOf  of  two  species  of  Ulodendron^  apparently  the  17.  maju9 
and  Mtmctf,  and  of  three  or  four  species  of  Lepuiodendnm  are  found 
akmff  with  the  Sigillaria,  and  probably  grew  in  the  same  swamps. 
We  iiad  no  means  of  ascertaining  whether  the  trees  of  these  last- 
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named  f{;enera  had  Stigmaria-roots.  I  may  remark,  however,  that 
some  of  the  miderdays  contain  irr^;ular  coaly  root-like  bodies,  which, 
if  not  the  roots  of  coniferous  trees,  may  possibly  belong  to  some  of 
the  genera  above  mentioned. 

2.  Coniferous  Trees, — ^Tmnks  of  this  description  oocor  in  the 
sandstones,  both  in  a  carbonized  state  and  petrified  by  carbonate  of 
lime.  It  is  observable  that  they  are  most  abundant  in  those  parts  of 
the  section  where  the  swamp-conditions  of  the  productive  coal- 
measures  begin  to  disappear,  and  where  drifted  plants  predominate 
over  those  which  have  grown  in  situ ;  in  other  words,  m  the  sand- 
stones above  and  below  our  Section.  Two  specimens  of  these  drift- 
trunks  were  found,  on  being  sticed,  to  have  the  characters  of  the 
genus  Pinites,  with  medulli^  rays  having  two  rows  of  cells,  and 
cellular  tissue  with  two,  or  more  frequently  three,  series  of  hex- 
agonal areolae.  One  of  them  much  resembles  P.  BrandUngii  of 
Witham.  The  prevalence  of  coniferous  trees  as  drift-wood  in  the 
sandstones,  above  and  below  the  Coal-measures,  is  probably  to  be 
attributed  to  their  capabiUty  of  floating  for  a  long  time  without  be- 
coming water-soaked  and  sinking,  thoueh  it  may  also  indicate  that 
their  principal  habitat  was  farther  inland  than  the  Sigillaria-swamps. 
The  erect  coaly  trees,  however,  alreadv  noticed,  show  that  they  did 
grow  in  those  swamps,  though  not  abundantly.  The  structure  of 
the  coaly  coniferous  tree  above  the  main  coal  and  its  present  position 
in  the  beds  are  shown  in  fies.  5,  6,  7,  pp.  26,  27. 

3.  Calamites. — ^These  fuants  appear  erect  and  in  situ  at  eight  or 
nine  distinct  levels,  and  in  some  of  the  beds  their  roots  and  ver- 
ticillate  leaves  or  branchlets  may  be  seen  attached  to  the  stems.  At 
least  two  species  occur ;  one  of  them  resembling  C.  SuckowU  or 
0.  cannaformiSy  the  other  a  coarse  and  irregularly  marked  species. 
Figs.  19  &  24,  MS.,  and  figs.  12, 13, 16  refer  to  the  former  species,  fig. 
15  to  the  latter.  The  Calamite-stems,  when  they  can  be  traced  to  their 
bases,  always  terminate  in  obtuse  points,  the  joints  becoming  shorter 
toward  their  extremities.  The  roots  when  not  compressed  are  cylin- 
drical, irr^;ularly  branched  (figs.  1 3, 1 4),  and  covered  with  a  thin  coaly 
bark,  marked  with  waving  longitudinal  striae.  The  roots  are  given 
off  not  only  from  the  base  of  the  stem,  but  also  from  its  lower  joints, 
in  large  irregular  tufts ;  see  fig.  14,  where  three  of  these  tufts  are 
seen,  and  also  irregular  marks  showing  the  places  from  which  others 
have  been  broken  off.  The  coaly  investment  of  the  stem  is  much 
thickened  at  the  points  from  which  the  tufts  of  roots  proceed.  It 
was  the  habit  of  the  Calamite  to  grow  on  mud  and  sana  flats  rising 
by  new  depositions,  and  it  appears  that  the  joints  which  were  buried 
during  the  growth  of  the  plant  gave  off  tufts  of  roots  instead  of 
branchlets.  The  lower  or  undei^ound  joints  of  the  Calamite  had 
also  the  power  of  sending  out  new  stems,  which  speedily  attained  to  a 
greater  diameter  than  that  of  their  parent.  In  this  way  groups  of 
stems  were  produced,  and  the  plant  was  enabled  constantly  to 
maintain  its  position  at  the  surface  of  the  rismgmud  flats.  Fig.  12 
represents  a  fine  specimen  which  well  illustrates  this  peculiarity. 
The  stem  a  stands  at  right  angles   to  the  bedding  of  a  thinly 
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Rg.  12.— Erect  Calamite9,/rom  Group  XVI.  (see  p.  6). 
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Erect  Catamite,  with  roots  ; 
from  Group  XV. 


Fig.  16. 

Leaves  qf  Catamite  ;fr^m 
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laminated  argiUaceous  sandstone.  It  is  finely  ribbed  with  distant 
joints,  and  its  lower  part  is  somewhat  compressed,  probably  because 
imperfectly  filled  with  sediment.  The  stem  a  gives  off  the  stem  b,  the 
bark  or  coaly  investment  being  thickened  at  the  junction  of  the  stems. 
The  stem  b  rapidly  increases  in  thickness,  and  at  its  fifth  joint  gives 
off  the  third  stem  c,  which  at  first  diverges  ftom  it  nearly  at  right 
angles.  Stem  a  is  1  inch  in  diameter.  Stem  b  at  the  mstance  of 
2  mches  from  the  junction  is  1^  inch  in  diameter.  Stem  c  at 
2  inches  from  its  origin  is  more  than  2  inches  in  diameter.  The  ribs 
of  b  and  e  are  wider  and  shorter  than  those  of  a,  those  of  e  being 
the  widest.  See  fig.  12,  a!,  c',  by  which  it  will  be  observed  that  the 
stems  a,  a\  and  e,  </,  though  proceeding  from  the  same  root,  are  so 
different  that  th^  might  be  mistaken  for  distinct  species. 

All  the  erect  Calamites  exist  as  stony  casts  generally  cylindrical, 
but  when  they  have  been  imperfectly  fiUed  with  sediment  the  spaces 
between  the  joints  have  given  way  to  lateral  pressure,  as  represented 
in  fig.  15.  I  mention  this  here,  because  these  compressed  portions 
of  the  stem  are  liable  to  be  mistaken  for  the  base  of  the  plant. 

The  leaves  of  the  Calamite  are  but  rarely  attached  to  the  stems. 
They  are  verticillate,  linear,  pointed,  and  delicately  striated  (fig.  16). 
They  are  either  straight  and  horizontal,  or  slightly  curved  downward. 
In  aecay  their  extremities  drooped  into  a  vertical  position,  the  basal 
portion  still  projecting  horizontally. 

Calamites  formed  dense  and  tall  jungles  or  brakes,  and  sometimes 
flourished  as  an  undergrowth  in  Sigillaria-woods.  The  greatest 
distance  to  which  I  have  traced  one  of  the  Calamite  brakes  is  in  the 
case  of  that  which  occurs  about  18  feet  over  the  main  coal.  In  a 
new  shaft  sunk  about  half  a  mile  inland,  this  bed  is  found  to  abound 
in  erect  Calamites  just  as  in  the  cliff,  and  the  fresh  unweathered 
specimens  from  this  shaft  displayed  the  attached  leaves  much  better 
than  those  from  the  cliff. 

4.  Poaeites, — ^These  broad  striated  leaves  are  very  abundant,  not 
only  in  the  Joggins  section,'  but  in  all  parts  of  the  Coal  formation  of 
Nova  Scotia,  and  even  in  the  Lower  Carbomferous  rocks.  They  are 
occasionally  seen  to  terminate  in  blunt  points,  but  I  have  found  no 
specimen  with  either  petiole  or  stem.  Straight  or  branching  stems, 
with  striation  similar  to  that  of  these  leaves,  are,  it  is  true,  occasionally 
found  in  the  same  beds,  but  they  may  have  belong  to  Ferns.  The 
largest  specimen  that  I  have  seen  is  in  the  collection  of  Henry  Poole, 
Esq.,  of  the  Albion  ^fine8,  Pictou.  It  is  1 8|  inches  in  length,  5  inches 
wide  at  the  larger  end,  and  \^  inch  at  the  smaller,  where  it  is  broken 
off.  It  has  delicate  longitudmal  strise,  a  sort  of  thickened  midrib, 
and  waves  or  sharp  flexures  of  the  striae  proceeding  from  the  midrib 
to  the  edges,  and  probably  marking  undulations  of  the  recent  leaf, 
which  must  have  given  it  a  very  graceful  appearance.  Smaller 
specimens,  however,  usually  want  the  midrib  ana  waving  lines. 

5.  Artiaia. — ^The  casts  of  medullary  cavities  known  by  this  name* 

*  [See  alto  Professor  Williamson's  paper  "  On  the  Stmctnre  and  Affinities  of  tbe 
PlanU  hitherto  known  as  SiembetyUB;**  Manchester  Lit.  PhiL  Soc  1851,  voL  is.] 
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are  occasioiuilly  fonnd  among  drifted  plants  at  the  Joggins.  As  at 
Pictou  and  elsewhere,  they  appear  to  be  of  different  species ;  some 
belonging  to  rush-like  plants  and  having  only  a  thin  coaly  invest- 
ment, and  others  surrounded  with  a  considerable  thickness  of  car- 
bonixed  or  petrified  wood.  I  shall  here  refer  merely  to  a  few  exam- 
pies  of  the  latter  kind,  which  is  comparatively  rare  in  the  Nova 
Scotia  coal-measures.  Figs.  26  &  27  f  ms.  represent  cross  sections  of  two 
specimens  found  in  the  irregularly-bedded  sandstones  of  Group  XIX. 
In  both  the  internal  sandstone  cast  b  finely  striated  transversely, 
with  less  distinct  longitudinal  strise,  and  both  are  enveloped  by  dear 
coal  without  structure.  The  coaly  envelope  of  fig.  26,  ms.  is  1  inch 
in  diameter,  and  is  striated,  or  finely  ribbed  longitudinally.  That  of 
fig.  27,  MS.  is  much  flattened  and  somewhat  smooth :  its  greatest  dia- 
meter is  1  foot.  Another  specimen  (17  a,  b)  has  strong  transverse 
wrinkles,  nearly  a  line  apart,  but  in  places  meeting  and  unitmg: 
thev  occur  at  the  edges  of  transverse  internal  coaly  partitions.  The 
coalv  matter  investing  this  specimen,  which  is  about  half  an  inch  in 
thickness,  shows  the  structure  represented  in  fig.  \7  b,  ms.  which 
resembles  that  of  an  erect  tree  (Sigillarial)  represented  in  fig.  21  c. 
This  last  species  is  very  distinct  in  its  external  markings  from  the 
ordinary  Jrtisia  approximata ;  which,  however,  the  specimens  re- 
presented in  figs.  26  &  27,  ms,  much  resemble. 

6.  Strueturt  of  Erect  Tree$, — Beside  the  two  erect  trees  (14  a,  ms. 
and  fig.  5,  p.  26)  whose  structure,  probably  coniferous,  is  represented 
in  figs.  6  &  7»  p.  27,  and  fig.  18, 1  sliced  specimens  from  nearly  all  the 
other  coaly  erect  trees  found  in  the  section,  and  found  structure  in 
two  of  them  (figs.  19  &  20).  That  in  fig.  19  is  probably  coniferous, 
though  the  structure  is  too  imperfectly  preserved  to  allow  any  cor- 
roborative evidence  to  be  obtained  from  longitudinal  slices.  Fig.  20 
is  from  a  coaly  mass  representing  the  base  of  a  stump  just  at  the 
sarfiu;e  of  an  underelay,  and  having  the  structure  preserved  only  in 
one  small  portion,  which  may  have  been  an  internal  core  or  ligneous 
axis.  It  consists  of  a  v^  large  and  open  structure  of  elongated  cells» 
in  irregular  groups,  separated  by  partitions  of  onake  coal.  Though 
the  longitudinal  structure  is  very  well  preserved,  I  could  detect  no 
traces  of  any  markings  on  the  widls  of  the  cells. 

Fig.  21,  a«  6,  c,  shows  the  structure  of  fragments  of  wood  found  in 
the  tree  containing  reptilian  remains.  In  the  longitudinal  section  this 
wood  shows,  when  highly  magnified,  cells  or  ducts  with  a  sort  of 
scalariform  structure,  ng.  21  a,  Hke  that  of  Ferns.  The  cross  section 
shows  an  unequal  cellular  tissue,  usually  much  compressed  and  im- 
perfectly preserved,  fig.  21  c.  In  lai^  slices  the  tissue  is  seen  to 
run  in  radiating  lines,  and  there  is  an  appearance  resembling  lines  of 
growth,  fig.  2\b. 

7.  Animal  Remains.— 'Die  remains  of  Fish  found  in  the  section 
consist  of  detached  scales,  teeth,  jaws,  spines,  and  coprolites.  Most 
of  them  are  small,  and  belong  to  the  families  of  which  PaUeoniacus 
and  Holoptychiua  are  types.  There  are  also  a  few  rounded  scales  of 
Sauroid  fisl^  approachine  in  form  to  those  of  Megalichthya.  These 
fishes  must  ha?e  abounded  in  the  creeks,  lagoons,  and  channels  of 
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Fig.  1 7. Structure  qfArtitia;  South       TigAS.^Strueture  qfctm^ertnuT  wood. 

Jogging,  magni/led;  Jrom  the  interior  tf  an 

,  erect  tree  in  Group  XV.  (see  p.  20). 


a.  Longitudiaal 


Rg.  l9.Structure  qf  the  wood  qf  an 
erect  contferougT  tree;  South  Jog- 
gint. 


.t  kI  ft  p 


.V  ! 


a.  Cast  of  the  pith-csTity  :  nat.  aiae. 

b.  Transverse  section  of  the  wood :  magnified. 

Pig.  20,— Structure  of  the  wood  qfa  tree-stump, 
magnified;  Stmth  Joggifu. 


Transverse  aecCkm. 


Fig.  21  c.         to 

i 


a.  'nmuTene  Kction.  t.  Longitudinal  section. 

Fig.  21  a. 


F!g.  21  ft. 


s 


i 


I 

X 

< 


«.  ^"Ki'"*^  •«"«»-;  magnified. ~A.  Transverse  section,  i.-ith  supposed  lines  of 

growth ;  nat.  sue r.  Trannveme  section ;  ma^fied. 
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the  coal-swamps,  as  their  remains  occur  in  nearly  all  the  bituminous 
limestones  and  Modiola-shales. 

Two  Tarieties  of  CyprU  (figs.  29  &  30>  ms.)  occur.  The  more  com- 
mon Tariety  is  found  in  all  the  bituminous  limestones  and  Modiola- 
shales. 

The  Spirorbis  (figs.  31  a  &  b,  MS.),  so  often  found  attached  to 
vegetable  fragments,  and  which  so  firequendj  serves  to  mark  periods 
of  submergence  succeeding  to  those  of  vegetable  growth,  closely  re- 
sembles the  Spirorhis  earbonarius  of  the  British  c^aL-fields. 

Figs.  22  &  23  represent  two  species  of  the  ModioUg,  which  swarmed 
in  incalculable  numbers  in  the  waters  of  the  Joggins  in  the  Coal  sera. 
These  creatures  were  so  extremel^r  numerous,  mat  many  beds  of  cal- 
careo-bitominous  shale  and  bituminous  limestone  are  almost  entirely 
made  up  of  their  shells ;  and  it  is  often  difficult  to  find  a  shell  not 
crushed  and  distorted  by  the  pressure  of  its  neighbours. 


Pigs.  22  &  23,— ModioUt  Jrom  the 
coal-measures  of  the  South  Joggins, 
P5g.22. 


Fig.23. 


Pigs.  24  &  25.—Uniones 
from  the  lower  Carboni- 
ferous rocks  of  the  South 
Joggins, 

Fig.  24. 


^ 


Rgs.  24  &  25  represent  a  bivalve,  perhaps  a  Unio,  not  found  in 
that  part  of  the  section  described  in  this  paper.  It  was  found  by 
Mr.  Logan  in  a  bed  of  bitummous  limestone  3000  feet  below  our 
lowest  group,  and  associated  with  the  lowest  coal-seam  but  two  in 
the  entire  section.  It  is  therefore  peculiar  to  the  very  bottom  of  the 
coal-measures,  not  being  found,  so  far  as  I  am  aware,  in  any  of  the 
numerous  calcareous  bands  occurring  higher  up.  It  is  associated 
with  Fish-scales  and  Cypris,  and  is  separated  by  a  great  thickness  of 
beds  from  the  marine  limestones  of  the  Lower  Carboniferous  series. 


Appendix. 

Abstract  of  Mr.  Logan's  Section  of  the  South  Joggins  Coal- 
measures*, 

Mr.  Losan's  section  extends  from  West  R^ged  Reef  to  Seaman's 
Bush,  Mill  Cove,  a  distance  of  about  seven  mues  in  a  direct  line.  In 
this  space  he  found  a  vertical  thickness  of  14,5/0  feet  of  conformable 
beds,  which  may  be  summed  up  as  follows : — 

*  First  Report  Gcol.  Survey  of  Canadi. 
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Nos.  I  and  2. — Grey,  drab,  and  reddish  yellow  sandsUmea  and  con- 
glomerates ;  and  dark  red,  chocolate,  and  my  arg^aceons  and 
arenaceous  shales.    Large  drift-plants,  and  in  lower  part  erect 

Calamites 2267  feet. 

(This  corresponds  with  the  "  Newer,  or  Upper  Ck)al-fonna- 
tion  of  Pictou,    as  described  by  Mr.  Dawson.) 
No.  3. — Grey  and  reddish  sandstones,  grey  and  reddish  shales,  with 
carbonaceous  shales,  underdays,  and  22  seams  of  coal.    Erect 

plants  at  two  levels 2134  feet  I  inch. 

No.  4. — Grey,  drab,  and  reddish  sandstones;  grey,,  reddish,  and 
chocolate  shal^  grey  beds  greatly  preponderating;  carbona* 
ceous  shales,  bituminous  limestones,  underdays,^  and  45  seams 
of  coal.     Erect  plants  at  eighteen  levels ;  shells  {ModMd)  and 

fish-scales     2539  feet. 

No.  5. — Reddish  and  grey  sandstones  and  red  and  greenish  shales^ 
red  beds  greatly  preponderating;  some  beds  with  calcareous 

concretions.     Remains  of  carbonized  plants 2082  feet. 

No.  6.— -Grey,  drab,  and  reddish  sandstones,  constituting  nearly  two- 
thirds  of  the  whole;  grey  and  reddish  shales,  carbonaceous 
shales,  underclays,  and  bituminous  limestones ;  9  seams  of  coal. 
Upright  plants  at  one  level ;  great  quantities  of  drift-plants, 

shells  (Modiola),  and  fish-scales 3240  feet  9  mches. 

(Nos.  3,  4,  5,  and  6  contain  the  equivalents  of  the  productive 
coal-measures  of  Pictou  and  Sydney,  and  in  part  of  the  sand- 
stones which  separate  them  from  the  Lower  Carboniferous 
series.) 
Nos.  7  and  8. — Reddish  and  grey  sandstone,  red  conglomerate,  red 
and  chocolate  shales,  concretionary  Umestone,  and  two  beds  of 

gjrpsum.     Remains  of  plants 2308  feet. 

(Below  these  beds,  and  separated  from  them  by  a  space  equal 
to  300  feet  of  vertical  thickness,  is  a  thick  bea  of  Iknestone^ 
with  shells  of  Productus  Lyelli,  and  other  fossils  of  the  Lower 
Carboniferous  series.    This,  with  the  overlying  conglomerate, 
^rpsum,  red  shale,  and  sandstone,  is  equivalent  to  the  Low^ 
Carboniferous  or  Gypsiferous  series  of  Windsor,  Shubenucadi^ 
Pictou,  Plaister  Co?e,  &c.,  as  established  by  Sir  C.  Lyell.) 
The  entire  section  contains  76  beds  of  coal,  and  90  distinct  Stig- 
maria-underclays.    All  the  coals  except  one  rest  on  Stigmaria-under- 
clays;  and  there  are  15  Stigmaria-underclays  without  coals.     Erect 
plants  were  observed  at  22  levels.     There  are  24  bituminous  lime- 
stones, 1 7  of  which  are  immediately  connected  with  seams  of  coal. 

The  portion  of  section  examined  by  Sir  C.  Lyell  and  Mr.  Dawson 
in  1852,  and  by  Mr.  Dawson  in  1853,  includes  the  lower  part  of 
No,  3  and  the  whole  of  No,  4.  In  this  portion  of  the  section  the 
number  of  coals  and  bituminous  Hmestones  seen  by  us  corresponds 
with  that  of  Mr.  Logan's.  We  found,  however,  erect  plants  at  a 
number  of  additional  levels,  though  some  of  the  beds  in  which  erect 
plants  were  seen  by  Mr.  Logan  contained  none  at  the  time  of  our 
visit.  The  differences  in  detail  between  Mr.  Logan's  section  and 
that  in  this  paper,  arise  mainly  from  different  estimates  of  the  limits 
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of  bedsy  from  the  pardd  obscuratioii  of  portions  of  the  section,  and 
from  the  drcomstance  that  many  beds  called  hj  ns  sandstones,  or 
argillaceoas  sandstones,  appear  in  Mr.  Logan's  section  as  arenaceous 
sludes.  Mr.  Logan  has  also  measured  in  detail  sereral  thick  masses 
of  strata,  which,  in  consequence  of  their  poyertj  of  organic  remains, 
we  merely  estimated  in  the  mass. 


A  list  of  the  Papers  having  reference  to  the  Coal-fields  of  New 
Brunswick  and  Nova  Scotia,  published  in  the  "  Proceedings  "  and 
"  Quarterly  Journal "  of  the  Geological  Society, 

1842-43.  1.  On  the  upright  Fossil  Trees  found  at  different  levels  in  the 
Cotl-strata  of  Nova  Scotia.  Lyell,  Geol.  Proc.  iv.  p.  1 76- 
178. 

[Previously  described  by  R.  Brown  in  Hahburton's 
'  Nova  Scotia.'] 

2.  On  the  Coal-formation  of  Nova  Scotia,  and  on  the  Age  of  the 

Gypsum.    Lvell,  ibid,  p.  184-186.     . 

3.  A  Geological  Map  of  Nova  Scotia.  By  A.  Gesner,  tdtcf.  p.  186- 

190.  4to.  map. 
1843-44.    4.  On  the  Geolosy  of  Cape  Breton.    R.  Brown,  ibid.  p.  269* 
272.  4  woodcuts. 

5.  On  the  Lower  Carboniferous  or  Ghmiferous  formation  of 

Nova  Scotia.    Dawson,  ibid,  p.  2/2-281.  6  woodcuts. 

6.  On  the  Geology  of  Cape  Breton.  R.  Brown,  »6u^.  p.424-430. 

3  woodcuts. 

7.  On  the  Newer  Coal-formation  of  the  East  part  of  Nova  Scotia. 

Dawson,  ibid.jp,  504-512.  4 to  map,  4  woodcuts. 
1846.  8.  Notice  of  some  Fossils  found  in  the  Coal-formation  of  Nova 

Scotia.    Dawson,  Geol.  Joum.  ii.  p.  132-136.   1  woodcut. 
9.  Notes  on  the  Fossils  communicated  by  Mr.  Dawson.    Bun- 
bury,  ibid.  p.  136-139.   1  8vo  plate. 
[Mr.  Homer^s  Address  contains  a  summary  of  the  fore- 
gomg.  p.  170-181  ] 
10.  On  a  group  of  erect  Fossil  Trees  in  the  Sydney  Coal- 
formation,  Cape  Breton.     R.  Brown,  ibid.  p.  393-396. 
3  woodcuts. 
1847*        11.  On  the  Gypsiferous  Strata  of  Cape  Dauphin,  Cape  Breton. 
R.  Brown,  Geol.  Joum.  iii.  p.  257-260.  2  woodcuts. 

12.  Description  of  an  upright  Lepidodendron,  with  Stigmaria- 

roots,  Svdney,  Cape  breton.    R.  Brown,  Geol.  Joum.  iv. 
p.  46-50.  7  woodcuts. 

13.  On  the  New  Red  Sandstone  of  Nova  Scotia.    Dawson,  ibid. 

p.  50-59.  4to  mai)  and  section. 
1848.        14.  On  the  Colouring  Matter  of  the  Red  Sandstones,  and  the 
White  Beds  associated  with  them.   Dawson,  Geol.  Joum. 
V.  p.  25-30. 

15.  On  the  Gypsum  of  Nova  Scotia.    Gesner,  ibid.  p.  129-130. 

1  woodcut. 

16.  Notice  of  the  Gypsum  of  Plaster  Cove.     Dawson,  ibid. 

p.  335-339.    3  woodcuts. 

17.  D^Mnription  of  erect  Sigillaris,  Sydney,  Cape  Breton.    R. 

Brown,  ibid.  p.  354-360.    9  woodcuts. 
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1849.        18.  On  the  Lower  Coal-meanires  of  the  Sydney  Coii-^ld,  Cape 
Breton.  R.  Brown,  Geol.  Joum.  vi.  p.  1 1 5-133.  9  woodcots* 

19.  On  the  Metamorphic  and  Metalliferous  Rocks  of  the  East  of 

NoTa  Scotia.    Dawson,  ibid,  p.  347-364.  4  woodcuts. 

20.  Notice  of  the  occurrence  of  upnght  Calsmites,  near  Pictoo, 

NoTa  Scotia.    Oeol.  Joum.  yii.  p.  194-196.   3  woodcuts. 

21.  On  a  Fossil  Fern  from  Cape  Breton.  Bunlnuy,  Geol.  Joum. 

yiii.  p.  31-35.   1  plate. 
1852.       22.  Notes  on  the  Red  Sandstone  of  Nova  Scotia.     Dawson, 
tM.  p.  398-400.  2woodcuU. 

23.  On  the  Remains  of  a  Reptile  and  a  Land-shell  in  an  erect 

Fossil  Tree  in  the  Coal-measures  of  Nots  Sootia.  LyeU, 
Dawson,  Wyman,  and  Owen,  Geol.  Joum.  ix.  p.  58-67. 
3  plates,  1  woodcut. 

24.  On  the  Albert  Mine,  New  Brunswick.  Dawson,  ibid,  p.  107- 

115.  7  woodcuts. 


2.  Oh  the  Structure  of  the  Albion  Goal-Measures,  Nova 
Scotia;  by  J.  W.  Dawson,  Esq.  JFith  Journals  of  ike 
Exploratory  Works  at  the  Albion  Mines,  Pictou,  Nova 
Scotia  ;  by  Henry  Poole,  Esq. 

[Commanicated  by  Sir  C.  Lyell,  Y.P.G.S.] 

The  Coal-measures  of  the  Albion  Mines  present  some  features  yery 
different  from  those  observed  in  other  parts  of  the  coal-fonnatioii  in 
Nova  Scotia.  This  must  be  very  evident  to  any  one  who  compares 
the  published  sections  and  descriptions  of  the  coal-measures  of  the 
South  Joggins  and  Sydney*,  and  those  of  the  Pictou  coal-field  by 
Mr.  Logan,  Sir  C.  Lyell,*  and  Mr.  Dawsonf.  Unfortunately  the 
natural  sections  at  Pictou  are  so  imperfect,  that  the  order  of  succes- 
sion of  the  beds  is  much  less  flQly  known  than  at  the  other  places 
referred  to.  Recent  exploratoiy  works,  conducted  by  Mr.  Poole, 
Superintendent  of  the  Albion  Mines,  have,  however,  brought  out 
some  important  facts  wliich  are  exhibited  in  the  Plan^  and  sectional 
lists  appended  to  this  paper,  to  which  these  remarks  relate,  and  with 
the  aid  of  which  I  propose  to  state  the  more  important  points  in 
which  the  Albion  measures  differ  from  the  rocks  of  similar  i^  in  their 
vicini^  and,  if  possible,  to  indicate  the  causes  of  these  di&rences. 

1.  The  coal  of  the  Albion  Mines  is  somewhat  peculiar  in  its 
structure  and  chemical  composition.  It  is  more  highly  laminated, 
abounds  more  in  mineral  cmrcoal,  is  more  bituminous  and  mudi 
more  free  from  sulphuret  of  iron,  than  the  coals  of  other  parts  of 

*  Logan,  First  Report  of  the  Geologicsl  Survey  of  Canada ;  BrowD,  Quart. 
Joum.  Geol.  Soc.  vol  vi.  p.  115. 

t  Quart.  Joum.  Geol.  Soc  voL  vL  p.  347,  note,  and  voL  ix.  p.  58,  note ;  and 
wpra,  p.  41. 

[X  a  Plan  of  the  Trial  Pits  on  a  scale  of  5  chains  to  an  inch  has  been  presented 
to  the  Society  by  Mr.  Poole.] 
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Nora  Scotia.  It  has  also  white  and  yeiy  light  ashes,  and  has  a  re- 
markable power  of  continuing  in  a  state  of  combustion  when  covered 
with  ashes,  and  of  remaining  alight  until  all  the  coalj  matter  is 
burned  out,  almost  in  the  manner  of  peat.  Its  heating  power  is  so 
much  greater  in  proportion  to  its  amount  of  fixed  carl^n  than  that 
of  some  other  bituminous  coals,  that  Prof.  W.  R.  Johnston  in  his 
Report  to  the  American  Gbyemment  on  the  Coals  of  America,  sug- 
gests that  it  maj  haye  been  produced  from  a  different  description  of 
Tegetable  matter.  A  different  mode  of  accumulation  is,  however,  a 
more  probable  explanation.  The  following  abstract  of  assays  made 
hj  me  for  the  General  Mining  Association,  shows  its  composition  and 
auo  the  changes  which  occur  in  proceeding  from  the  eastern  to  the 
western  part  of  the  mine,  and  in  different  parts  of  the  thickness  of 
the  bed,  or  of  that  part  of  it  (say  12  feet)  at  present  worked. 


S.E.  nde :  old  workinga. 
(About  one  mOe  eastwiurd 
of  Dalhouaie  Pita.) 


Dalboiuio 
Fits. 


N.W.dde:old 
woiUng*. 

•5  ^Moirture   1-750      1-550    -800 

,3  )  Volatile  combustible  matter      25*875      27*988     26*325 

a  iRxed  carbon 61*950      60*837     66*925 

cSCAshes 10*425      9-625     5*950 


100-000 


100-000 


100-000 


MoUtare 1*500 

frv  ^  Volatile  combustible  matter      24-800 
Fixed  carbon 51-428 


^1 

n 


.Ashes. 


22-272 
100000 


B  .  f  Moistnrc 2-250 

II  )  Volatile  combustible  matter  22-375 

5|  1  Fixed  carboo 52-475 

«®  (Ashes 22-900 

100-000 


1-500  -900 

28*613  27-250 

61-087  61-350 

8-800  10-500 


10000 

1-800 
27-075 
59-950 
11-175 

lOOHMK) 


100000 


The  excess  of  earthy  matter  in  the  coal  of  the  eastern  part  of  the 
mine  is,  probably,  connected  with  the  yicinibr  of  this  part  of  the 
workings  to  a  spur  or  promontory  of  older  (Upper  Silurian)  rocks, 
from  which  detritus  may  have  been  washed  down  at  the  time  of  the 
formation  of  the  coal. 

2.  The  thickness  of  the  beds  of  coal  in  the  Albion  measures  is 
very  great,  as  compared  with  those  of  the  Joggins  and  Sydney.  At 
the  Joggins,  Mr.  Logan's  section  shows  an  aggregate  thickness  of  44 
feet,  distributed  among  76  seams.  At  Sydney  there  are,  according 
to  Mr.  Brown's  section,  31  seams,  with  an  agp;regate  thickness  of 
37  feet.  At  Pictou,  on  the  other  hand,  there  is  a  thickness  of  6Q 
fJKt  of  coal  in  two  great  seams,  beside  sereral  smaller  seams. 

3.  There  is  also  a  very  great  thickness  of  black  argillaceous  beds 
tssociated  with  the  coid,  and  an  absence  of  the  grey  sandstones  and 
reddish  shales  which  are  so  abundantly  intercalated  in  the  coal- 
measures  of  Sydney  and  the  Joggins.     The  following  abstract  of  the 
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section  at  "  Success  Engine  Pit,"  given  in  Mr.  Poole's  tai>le8,  well 

illustrates  this  and  the  preceding  head.  ft.  in. 

Black  carbonaceous  shale,  with  bands  of  day  ironstone...  64  10 
Main  coal  seam,  including  23  inches  of  ironstone,  in  five 

bands   39  11 

Black  carbonaceous  shale,  with  bands  of  ironstone    157     7 

Deep  coal  seam,  including  one  band  of  ironstone  14^ 

inches  in  thickness    24    9 


287     1 

In  addition  to  this  great  thickness  of  argillaceous  and  carbonaceovs 
beds,  sereral  hundreds  of  feet  of  black  shales  are  seen  to  oTeriie 
them,  in  the  sections  afforded  by  the  East  Birer  and  road-cuttings. 
Erect  trees  are  not  known  to  occur  in  these  beds ;  but  flattened  trunks 
of  SigtUaria,  Favularia,  and  Stifftnaria,  and  Flaheliaria  and  Fern 
leaves  occur  in  the  shales.  There  are  also  evidences  of  submergence 
during  a  part  of  the  time  occupied  in  the  accumulation  of  these  beds. 
Teeth  and  bones  of  fishes  are  found  in  the  roof  of  the  deep  seam  ; 
remains  of  large  holoptychioid  fishes  occur  in  one  of  the  bands  of 
ironstone  in  the  main  coal ;  and  a  considerable  thickness  of  the  black 
shale  overlying  the  main  seam  is  filled  with  the  minute  crustacean 
valves  of  a  species  of  Cypris  or  Cythere. 

4.  There  is  an  apparent  unconformability  of  the  coal  and  its  asso- 
ciated beds  with  the  members  of  the  coal-formation  immediately  suc- 
ceeding it  in  ascending  order.  The  main  coal  dips  to  N.  45°  E.  at 
the  Ddhousie  Pits,  and  its  outcrop  is,  as  represented  on  the  Plan, 
curved,  the  convex  side  being  towards  the  dip.  The  first  beds  of 
sandstone  that  occur  in  ascending  order  appear  to  have  a  strike  nearly 
E.  and  W.,  and  dip  to  the  north,  at  least  in  a  part  of  their  course. 
Thus  at  the  ouarry  nearly  north  of  the  Dalhousie  Pits,  the  sandstone 
dips  nearly  N.E.,  and  is  separated  from  the  coal  by  a  great  thick- 
ness of  shale ;  but  westward  of  this  point  its  outcrop  approaches  that 
of  the  coal,  and  at  length,  at  the  distance  of  about  1 180  yards  west 
of  Dalhousie  Pit,  it  approaches  within  a  few  yards  of  the  outcrop  of 
the  main  seam,  and  overlies  its  roof-shales  with  a  higher  and  more 
northerly  dip.  See  trial-holes,  Nos.  15,  22,  and  29 ;  in  the  last  of 
these  the  sandstone  is  stated  to  dip  N.  30°,  while  the  shale  imme- 
diately below  dips  N.  20°,  E.  22°.     (See  also  Plan.) 

At  the  "  Colin  Pits"  this  sandstone  is  worm-tracked,  and  presents. 
other  marks  of  littoral  origin. 

To  account  for  the  apparent  want  of  uniformity  in  the  dip  of  the 
sandstone  and  underlying  coal-measures,  and  in  the  direction  of  their 
lines  of  outcrop,  it  seems  necessary  to  suppose  some  degree  of  false 
stratification  in  the  sandstone,  and  that  a  portion  of  the  shale  was 
removed  by  denudation  before  its  deposition ;  or  that  during  the  de» 
position  of  the  shale,  a  portion  of  the  coal-field  had  subsided  so  as  to 
allow  a  great  thickness  of  shale  to  be  accumulated  over  a  portion  of 
the  coal,  while  another  part  was  but  thinly  covered  ;  or  that  the  beds, 
which  in  the  eastern  part  of  the  coal-field  are  wholly  argillaceous, 
became  very  rapidly  arenaceous  in  their  continuation  westward.     In 
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the  present  state  of  our  knowledge,  the  former  of  these  suppesitionSy 
that  of  denudation,  appears  hest  to  comport  with  the  relations  of  the 
ahale  and  sandstone  as  observed  in  the  trial-holes ;  though  a  larger 
number  of  facts  bearing  on  the  subject  would  certainly  be  desirable. 
Id  anj  case  there  is  evidence  of  great  local  inequalitj  in  the  condi- 
tions of  deposit,  and  a  high  degree  of  probabihty  that  the  previous 
tranquil  condition  of  the  area  of  coal-accumulation  was  broken  up 
on  the  occurrence  of  strongly-marked  physical  changes. 

5.  The  Albion  coal-measures  are  succeeded  in  the  direction  of  their 
dip  by  a  thick  and  very  coarse  reddish  coneloroerate,  no  equivalent 
of  wmch  occurs  in  any  other  part  of  the  coal-formation  of  Nova  Sco- 
tia, at  least  in  the  vicmity  of  productive  coal-measures.  The  outcrop 
of  this  conglomerate  forms  a  prominent  ridge,  extending  several  miles 
in  an  east  and  west  direction,  and  cut  across  by  the  valleys  of  the 
East,  Middle,  and  West  Rivers  of  Pictou :  where  it  crosses  the  East 
River  (about  two  miles  north  of  the  Albion  mines),  it  dips  at  a  high 
angle  to  the  north,  but  much  of  this  dip  seems  to  be  due  to  fi&e 
stratification.  Its  outcrop  runs  obliquely  to  that  of  the  Albion 
measures,  but  is  broken  off  from  them  by  aline  of  dislocation  accom- 
panied by  vertical  and  disturbed  beds,  some  of  which  are  shown  on 
Mr.  Poole's  Plan,  at  the  place  named  Duff's  Farm. 

It  is  to  be  observed,  tnat  the  sandstone  already  referred  to  coin- 
cides in  part  in  its  strike  with  this  conglomerate,  and  for  this  and 
other  reasons,  the  conglomerate  has  generally  been  believed  to  succeed 
the  coal-measures  in  ascending  order,  and  to  form  the  base  of  the 
series  described  by  the  writer  as  the  "Newer  Coal  Formation*." 

The  dislocation  above  referred  to,  and  the  circumstance  that  at 
the  Middle  River  the  conglomerate  at  its  southern  side  dips  to  the 
south,  forming  a  sort  of  small  anticlinal,  might  afford  reason  to 
suspect  that  it  belongs  to  the  lower  carboniferous  series,  were  it  not 
that  it  is  succeeded  in  ascending  order  by  a  series  of  coal-formation 
rocks  evidently  not  belongmg  to  the  older  part  of  the  system,  nor 
equivalent  to  the  Albion  measures,  and  that  it  contains  rounded  frag- 
ments not  only  of  the  older  metamornhic  rocks,  but  of  the  lower  car- 
boniferous gnts  underlying  the  coal-measures.  This  conglomerate 
therefore  either  marks  a  change  from  the  accumulation  of  v^table 
matter  and  fine  mud  to  that  of  the  coarsest  mechanical  detntus,  or 
it  is  the  remains  of  a  contemporaneous  shingle-beach,  separating  the 
area  of  the  Albion  coal-measures  from  a  larger  outer  space,  in  which 
deposits  similar  to  those  of  the  Joggins  and  Sydney  coal-fields  were 
accumulating. 

I  am  in(£ned  to  prefer  the  last  of  these  views  for  the  following 
reasons : — 1.  The  outcrop  of  the  conglomerate  extends  from  a  point 
opposite  the  promontory  of  metamorphic  rock  east  of  the  East  River, 
to  the  hich  lands  of  Mount  Dalhousie,  in  the  eastern  extremity  of  the 
Cobequid  range  of  hills,  crossing  the  mouth  of  an  indentation  in  the 
metamorphic  district,  which  in  the  older  part  of  the  carboniferous 
period  must  have  been  a  bay  or  arm  of  the  sea,  exposed  to  an  open 
expanse  of  water  lying  to  the  northward.    2.  The  conglomerate  can- 

*  Quart.  Jonrn.  Geol.  Soc  1845,  vol.  i.  p.  322. 
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not  be  traced  to  the  margin  of  the  metamorphic  country,  except  at 
its  extremities,  so  that  in  all  probability  it  never  extended  orer  the 
low  carboniferous  district  included  within  its  line  of  outcrop.  TinB 
is  the  more  remarkable,  inasmuch  as  the  conglomerate  has  evidently 
resbted  denudation  better  than  any  of  the  associated  beds.  3.  The 
conglomerate  is  full  of  false  stratification  and  wedge-shaped  beds  <^ 
reddish  sandstone,  in^  the  manner  of  ordinary  gravel-ridges,  and  it 
even  presents  the  appearance  of  passing  into  sandstone  toward  the 
dip,  as  if  the  coarse  conglomerate  were  limited  to  the  vicdnity  of  the 
outcrop.  4.  Tn  the  sandstone  overlying  the  Albion  measures,  as  weQ 
as  in  portions  of  the  coal-formation  manifestly  overlying  the  great 
conglomerate,  there  are  small  seams  of  coal  correspondmg  in  thdr 
characters  with  those  of  the  Joggins  and  Sydney,  where  no  similar 
conglomerate  occurs.  5.  The  supposition  that  the  Albion  coal  was 
formed  in  a  depressed  space,  separated  by  a  shingle-bar  from  the 
more  exposed  fiats  without,  accounts  for  Axe  great  thickness  of  the 
deposits  of  coal  and  carbonaceous  shale,  the  absence  of  sandstones, 
and  the  peculiar  texture  and  qualities  of  the  coal,  as  well  as  the  asso- 
ciation with  it  of  remains  of  fish  and  Cypru  ;  since  modem  analogies 
show  that  such  an  enclosed  space  might  be  alternately  a  swamp  and 
lagoon  without  any  marked  change  in  the  nature  of  the  mechanical 
deposits.  6.  Movements  of  depression  causing  the  rupture  of  the 
barrier,  or  enabling  the  sea  to  overfiowit,  and  perhaps  also  admitting 
currents  of  oceanic  water  through  the  valleys  of  the  metamorphic 
district  to  the  southward,  would  sufficiently  account  for  the  overlying 
sandstones,  as  well  as  for  the  denudation  of  the  coal-measures  sup- 
posed to  have  preceded  the  accumulation  of  these  sandstones.  7.  The 
dislocation  extending  along  the  outcrop  of  the  conglomerate  is  easily 
explained  by  the  supposition  that,  in  later  elevatory  movements,  this 
hard  and  stony  bed  determined  the  direction  of  fracture  of  the 
deposits. 

Laree  portions  of  the  conglomerate  have  been  removed  in  the 
formation  of  the  valleys  of  the  East,  Middle,  and  West  Rivers,  and 
gravel-mounds  derived  from  it  are  abundant  along  the  course  of  these 
vallevs,  to  the  northward  of  the  outcrop  of  the  conglomerate,  or  in 
the  direction  of  the  present  drainage. 

The  theoretical  views  in  the  above  paper  have  not  been  hastily 
adopted,  and  they  are  now  stated  as  affording  at  least  a  natural  and 
probable  solution  of  the  peculiarities  of  the  Albion  measures. 

For  additional  facts,  localities,  &c.,  I  may  refer  to  my  paper  on 
the  Newer  Coal  Formation  and  the  map  attached  to  it*.  The  latter, 
however,  owing  to  errors  in  the  colouring,  does  not  correctly  show 
the  limits  of  the  metamorphic  rocks.  For  this  reason  I  send  with 
this  paper  a  corrected  copy  of  a  part  of  it,  and  a  sketch  and  section 
iUustrating  the  probable  condition  of  the  district  in  the  coal-formation 
period  and  the  present  arrangement  of  the  bedsf. 

*  Quart.  Journ.  Geol.  Soc.  vol.  i  p.  322.  See  also  Paper  on  the  Metamorphic 
Rodci  of  Eastern  Nova  Scotia,  ibid,  vol.  Ti.  p.  347. 

[t  Mr.  Dawson  has  presented  a  MS.  map  and  section  of  the  ffeological  featnres 
of  this  district,  and  a  sketch-map  of  the  surface-conditions  during  the  Carbo- 
niferous  period,  restored  in  accordance  with  the  above  description.] 
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Note. — ^A  specimen  of  the  main  coal,  showing  its  entire  thick- 
ness, has  lately  been  extracted  by  Mr.  Poole  for  the  New  York 
Ezhibi^on,  and  enables  me  to  add  the  following  detailed  section  of 
this  great  bed:—  ^^    ^ 

1.  Boof-sbale:  vegetable  fragments  and  attached  Sptror- 

6w  (in  specimen) 0    3 

2.  Cofl/,  with  sbaly  bands  0    6i 

3.  Coal,  laminated ;  layers  of  mineral  charcoal  and  bright 

coal ;  band  of  ironstone  balls  in  bottom 2    0 

4.  Coa/,fine,cubical,and  laminated;  much  mineral  charcoal    3    2 

5.  Carbonaceous  shale  and  ironstone,  with  layer  of  coarse 

coal  ("  holeing-stone  ").    Remains  of  large  fishes  and 
coprolites.    This  bed  varies  much  in  thiclcness   0    4i 

6.  Coal,  laminated  and  cubical,  coarser  towards  bottom  ..9    3 
?•  Ironstone  and  carbonaceous  shale,  with  coaly  layers  and 

trunks  of  Lepidodendron,  Ulodendron,  SigtUaria,  Stiff' 
moWa,  &c.,  all  prostrate 0    8 

8.  Coal,  laminated  as  in  No.  6,  a  line  of  ironstone  balls  in 

bottom 1     2 

9.  Coal,  laminated  and  cubical,  a  few  small  ironstone 

balls.    Many  minute  spines  in  this  and  underlying 

coal  6  7 

10.  Ironstone  and  pyrites 0  3 

11.  CooZ,  laminatea  and  cubical,  as  above ^.^  10  3 

12.  Coo/,  coarse  layers  of  bituminous  shale  and  pyrites   ...  1  0    . 

13.  Coal,  laminated,  with  a  fossil  trunk  in  pyrites    2  1 

14.  Coal,  laminated  and  cubical,  with  layers  of  shale,  pass- 

ing downward  into  black  slicken-sided  underclay  with 
c<mly  bands 2    3 

15.  Underclay  (to  bottom  of  specimen) 0  10 

Thickness  perpendicular  to  horizon...  40    8 
Vertical  thickness i 38    6 


Journals  o/"  Exploratory  Works  at  /Ae  Albion  Mines,  Pictou, 
Nova  Scotia.     By  Henry  Poole,  Esq. 

Journal  of  Metals  passed  through  in  sinking  *'  Trial  Pits "  on  the 
Crop  of  the  "Main  Seam"  of  Coal  at  the  Albion  Mines  to 
explain  the  Numbers  marked  on  the  General  Plan*. 

[*I%t#  Plan  of  the  Trial  Pits,  on  a  scale  of  5  chains  to  1  inch,  presented 
by  Mr,  Poole,  is  in  the  Society's  Library.'] 

No.  3. 

feet    in. 

Snrfiu^clay  6    0 

Good  coal,  with   Urge  fissures 
yielding  water   7    0 


No.  2. 

feet  in. 

Snr^Meday  4  0 

Coal  with  clay,  mixed  5  2 

Good  coal 6  4 

Ironstone  0  6 

Good  coal 9  0 

Bat  and  coal » 4  6 


Tiddsgas.  Total...  29    6 


Total...  13    0 


No.  4. 

Snrfueday 7    5 

Top  of  coal  regular. 
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No.  5. 

feet  In. 

Surface  clay  9  6 

Black  bat  3  6 

Good  coal  3  9 


Total...  16  9 

No.  6. 

Surface  cUy  2  9 

Coal   7  3 

Total...  10  0 


No.  7. 
Surface  clay  to  coal 10    6 

No.  8. 
Sur£MX  clay  and  shale 13    0 

No.  9. 

Surface  clay  9    3 

Coal    3    0 

Total...  12    3 


No.  10. 

Surface  day  16  0 

Black  ihale   3  6 

Coal  0  6 

Black  ahale    1  0 

Coal,  dip  27* 3  0 

Ironstone   1  6 

Coal   3  3 


Total...  28    9 


No.  11. 

SurfiMseday  2  11 

Soft  blue  shale 3  11 

Hard  blue  shale 5  0 

Black  shale    11  5 

Coal,  dip  25i**   0  5 

Stroug  black  shale 2  7 

Total...  26  3 


i 


No.  12. 

Surface  day  10  0 

No.  13. 

Surface  clay  4  0 

Black  shale    1  6 

Coal  5  4 


Total...  10  10 


No.  14. 

itet  In. 

Surface  day  4  0 

Shale 6  7 

Foulcoal    5  2 

Coal»  dip  21*"  (sp.  gr.  1-337)    ...    0  9 

Ironstone  1  5 

Coal  4  10 

SplinUtone    0  9 

Coal   3  6 

Grey  ironstone  2  0 

Total...  29  0 


No.  15. 

Surface  clay  13  6 

Black  sand 0  0^ 

Hard  blue  sandstone 9  8^ 

Shale  to  a  fault 10  2 

Shale  hdow  a  fault  17  5 

Black  bat 4  4 

Coal,  dip  33%  N.  45  E 6  9 

Ironstone  1  4 

Coal    5  6 

Ironstone  0  6 

Coal    3  7 

Bat,  with  water 3  8 

Total...  76  6 


No.  16. 

Surface  day  3  10 

Shale 10  4 

Bad  coal 4  5 

Good  coal,  dip  23**,  N.  50  W. 

"strike"    1  5 

Slaty  ironstone 2  0 

Total...  22  0 


No.  17. 

Surfiioeday:  no  coal  11  0 

No.  18. 

Surface  day  12  0 

Ydlow  ochreons  shale,  dip  26^, 

N.43E 7  3 

Coal  5  1 

Ironstone  I  j 

Coal  u  5 

Stone 1  2 

Coal,  dip  22* 13  2 

Total...  51  4 


Digitized  by 


Google 


1853.] 


-.  ^ 


DAWSON  AND  POOLE— ALBION  COAL 
No.  19. 


49 


feet  to. 

Snr&ceclay  16  8 

SaDdstoBe,  half  across  pit 1  8 

Shale,  dip  23^  N.  29  £ 8  0 

Coal   1  9 

Ironstone  1  6 

Coal,  infarior 10  0 

Sfaile 3  0 

Coal   0  2 


Total...  42  11 


No.  20. 

SaAceclay,"bUck" 10  0 

Sbale 3  0 

Coal,dip24» 1  4 

CoAl  and  bat,  mixed 2  0 


ToUl...  16  4 

No.  21. 

Snfaceclaj  9  0 

Soft  shale  2  3 

Hard  tbale  (mach  water) 12  9 


Total...  24    0 


No.  22. 

Sor&cecUy  10  10 

Sandstone,  dip  3  r  due  N 5  6 

Grey  sbale 3  2 

Blackahale 2  0 

Greysbale 4  0 

Hard  grey  shale    7  4 

Black  shale    2  4 

FirecUy 2  0 

Ironstone   0  9 


Total...  37  11 


No.  23. 
Surface  clay  to  coal,  dip  N.  10  E.   8    0 

No.  24. 
Surface  clay  to  coal,  25o,N.  25  E.    7    6 

No.  25. 
Sar£ue  clay  to  coal,  19^,  N.  65  £.   8    0 

No.  26. 

Sor^ueclay  8    3 

Coal  at  top  dips  53^ 

Coal,  dip  27*,  N.  30  E 10    3 


Total...  18    6 


No.  27. 

feet  In. 

Surface  clay  9  3 

Coal,dips24*»and32°,  N.22E.     5  0 

Total...  14    3 


No.  28. 

Surface  clay  10  0 

Coal,  dips  27''  and  31^  N.  22  E..  1  6 

Coal,  inferior 1  6 


Total...  13    0 


No.  29. 

Surface  clay  10  9 

Sandstone,  dip  30"  due  N 5  2 

Shale,  dip  22^N.  20  E 13  1 

Black  sbale    10  0 

Coal    0  7 

Hreclay 0  8 

Coal  and  bat 6  0 

Good  coal  2  6 

Ironstone  0  9 

Coal    4  10 

Stone 1  0 

Coal    3  6 

Fireclay    and    Ironstone    balls, 

dip  29%  N.  30  K 4  2 

Total...  63  0 


No.  A. 

Surface  clay  3  6 

Yellow  shale  (ochreous)   1  3 

Blue  shale,  dip  22°    3  9 

Total... 8  6 


Colin  Pits. 

Engine  Pit. 

Surface  clay  10    0 

Sandstone,  dip  28%  N.  45  E 24    6 

Blue  shale,  dip  25''    6    0 


Total...  40    6 


F.  Pit. 

Surface  clay  11    0 

Sandstone  on  deep  side,  dip  23^, 
N.  42  £.    Shale  on  rise  side. 


A  drift  was  driren  upon  the  *'  Holing  stone  "  at  20  feet  depth  from  No.  16  to  No.  15, 

distance  150  feet. 
The  roof  contains  Sigillarise  and  Lepidodendra. 

A  drift  was  driven  at  34  feet  down  in  No.  18,  due  north  for  107  feet :  no  change  in 
metals. 
VOL.  X. PART  I.  E 
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Journal  of  Metals  passed  through  in  sinking  "  Trial  Pits**  on  the 
Crop  of  the  ''Deep  Seam**  of  Coal  at  the  Albion  Mines;  to 
explain  the  letters  marked  on  the  General  Plan, 

No.  B.                feet  in. 

SarfSMeday  8  6 

Shilycoal 3  6 

Ironstone  btllt 0  4 


Total...  12    4 


No.C. 

SurfiicecUy  7  6 

Cotl,  good 5  2 

Black  shale   7  4 

Total...  20  0 


No.D. 

SurfMeclay  11  0 

Good  coal  4  9 

Ironstone   1  0 

Coal    10  3 

Ironstone  1  3 

Coal  and  ironstone  balls  13  6 

Shale  and  coal  2  9 


Total...  44  6 

No.  E. 
SorfMe  clay,  with  boulders  of 

stone  and  whin 26  6 

Ditto,  bored  (no  coal) 8  0 

Total...  34  6 


No.  F. 

Surfu^e  clay  and  shale 24  8 

Sand  and  gravel 1  3 

(Stopped  by  water.)  

Total...    25  11 

No.G. 

Sorfoce  day  and  shale 17  5 

Sandy  black  shale 1  1 

Coal,  dip  20^  N.  52  E 0  8 

(Yields  water.)  

Total...  19  2 

No.  H. 

Surface  clay  H  3 

Sandstone 1  7 

Fireclay 1  7 

Sandstone 0  7 

Shale 9  0 

Coal   5  5 

Ironstone,  dip  24** 1  1 

Coal   3  7 

Stone 0  2 

Coal  (not  through)  1  9 

Total...  36  0    I 


No.  I. 

feet  io. 

Surftccday  8  1 

Coal   3  3 

Ironstone  1  2 

Coal,  dip  22%  N.  50  E 9  6 

TotaL^  22  0 


No.  K. 

Surface  day  4    4 

Shale 14    9 


Total...  19     1 


NO.L. 

Surface  day  6    6 

Grey  shale 25    0 


Total...  31    6 


No.  M.  1. 

Surface  day  5  9 

Black  bat  2  6 

Ditto  and  coal  6  9 

Good  coal,  dip  24^  N.  42  E 3  6 

Ironstone  ^ 0  3 

Coal    1  6 

Stone 1  7 


Coal 


2    8 


Total...  24    6 


No.  M.  2. 

(47  links  on  dip  N.E.  from  M.  1.) 

Calculated  for  dip 5    6 

SurfAoeday  12    4 

Black  bat  4    8 

Ironstone  1     1 

Black  bat  4    2 

Good  coal  2    3 

Bat  and  coal • 3    0 

Stone 0    4 

Good  coal  3  11 

Total...  37    3 

No.N. 
Coal  at  the  surface. 

N0.0. 

Surface  clay   9    0 

Coal,  dip  310,  N.  32  E. 
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No.  X.    Seen  in  the  btnk. 

feet  in. 

Cod  and  bat,  mixed 1  0 

Good  gas  coal   2  7 

Bat 1  0 

Goodooal 3  9 

Pyntes-stone 0  2 

Bard  coal  5  7 

Coal,  worked    bj  Adam    Carr, 

Lessee,  before  the  G.  M.  A....    3  0 

Coal,  not  wocked 0  7 

Total...  17  8 


**  Soocesa  **  Engine  Pit,  commenced 
Jnly  18th,  18^1,  finished  October  26th. 

SoifMieday  8    2 

Shale  and  bands  of  ironstone 

aitemate    64  10 

Main  coal  seam — 

Coarsecoal 0    2 

Good  coal 5    0 

Ironstone  0    6 

Good  coal 14    4 

Ironstone  0    4 

Coarsecoal 7    7 

Ironstone  0    4 

Coarsecoal 3    1 

Ironstone  0    4 

CoarsecoaL 2  11 

Ironstone  0    5 

Coaneooal    4  11 

Shale  and    bands  of  ironstone 
aitemate    157    7 

Deep  seam— 

Badcoal 0    2 

Good  coal  3  10 

Ironstone  1    2^ 

Caal    3     7f 

Statycoal  0    9i 

Good  coal  4    2 


Carried  forward.. .284    8i 


Brought  forward... 284 
Coarsecoal 1 


in. 
H 
01 


Good  coal,  "worked  by  Carr"    3    8 
Inferior  coal 6    3 

Total...295    8 


Third  coal  seam, 
underlying  deep  seam  at  154^  foet. 

No.  P. 

Surfoceday  10    0 

BUuskbat  9    0 

Coal,  dip  2r 6    0 

Total...  25    0 


No.Q. 

Sorfuse  clay  and  bat 8  8 

Coal,  dip  20**,  N.  10  E 12  3 

Bat 0  6 

Coal    1  8 

Ironstone  0  2 

Shalyclay 1  0 

Total...  24  3 


Fonrth  coal  seam, 

tmderlying  third  seam  at  112  feet. 

«  Close  to  a  fanlt." 

Surface  day  8    8 

Shale 10    9 

Coal    1    0 

Shale  and  coal,  mixed 5    3 

Total...  25    8 


November  16,  1853. 

£.  B.  Binnej,  Esq.,  was  elected  a  Fellow. 

The  following  communications  were  read : — 

\.  Om  the  Superficial  Deposits  of  the  Isle  of  Wight. 
By  Joshua  Trimmer,  Esq.,  F.6.S. 

The  following  observations  on  the  superficial  deposits  of  the  Isle  of 
Wight  were  made  in  1847,  while  studying  the  Eocene  Terdaries  of 
that  district,  preparatory  to  the  mapping  of  the  same  strata  in  Hamp- 
shire and  Dorsetshire  for  the  Government  Geological  Survey. 
An  examination  of  the  coast-sections  of  the  greater  part  of  the 
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island,  namely  from  Ryde  to  Culver  Cliff,  from  Shanklin  to  Fiesh- 
water  Bay,  and  from  the  Needles  to  Yarmouth,  showed  that  there  are 
no  traces  there  of  the  Lower  Erratic  Tertiaries  or  Boulder  Clay. 
There  is,  however,  abundance  of  flint-gravel,  having  much  of  the 
aspect  of  the  Upper  Erratics ;  and  a  deposit  answering  to  the  warp- 
dnft,  which  has  been  described  in  former  commimications  as  spread 
in  other  districts  over  the  denuded  surface  of  that  and  of  older  for- 
mations, and  mainly  influencing  the  variations  of  soil. 

Part  of  the  undercliff  at  Yentnor  consists  of  a  mass  of  partially 
water-worn  chalk  and  chalk-marl,  enveloping  and  covered  by  flint- 
gravel,  closely  resembling  some  of  that  which  occurs  similarly  asso- 
ciated in  the  Cromer  Cliffs.  It  has  evidently  slipped  from  a  con- 
siderable height  in  the  cliffs  which  overhang  the  town. 

Flmt-gravel  only  slightly  water-worn  occurs,  in  its  greatest  deve- 
lopment, on  the  summits  of  the  lower  range  of  hills  throc^out  the 
island.  A  mass  of  it,  at  least  60  feet  thick,  caps  Headon  Hill ;  and 
a  considerable  thickness  of  it  may  be  seen  on  the  high  ground  in 
the  neighbourhood  of  Osborne.  The  same  kind  of  gravel,  more 
water-worn,  and  evidently  formed  during  the  denudation  of  the  ori- 
ginal deposit,  is  found  in  lower  situations  associated  with  a  loamy 
warp-drift,  which  frequently  attains  a  depth  of  5  and  6  feet ;  both 
deposits  following  the  contours  of  the  denuded  surface  on  which  they 
rest.  Similar  phsenomena  occur  on  the  opposite  coasts  of  Hamp- 
shire and  Dorsetshire. 

In  the  absence  of  organic  remains  from  the  travel,  and  until  the 
Upper  Erratics  of  Norfolk,  Suffolk,  and  Essex,  whose  age  is  defined  by 
the  presence  of  the  Norwidi  Crag,  shall  have  been  traced  further  soutli- 
ward,  so  that  their  identity  with  the  flint-gravel  can  be  proved  or  dis- 
proved, its  age  may  admit  of  a  question*.  This  however  is  certain, 
that  at  whatever  period  the  gravel  may  have  been  formed,  and  at 
whatever  period  denuded,  the  loamy  deposit,  called  the  warp-drift,  is 
of  very  recent  origin,  and  was  not  formed  tUl  after  the  denuded  sur- 
face on  which  it  rests  had  existed  some  time  under  subaerial  con- 
ditions. 

The  evidence  on  which  this  conclusion  is  founded  is  similar  to  that 
presented  by  the  pit  at  Graytonthorpe  in  Norfolk,  and  is  exhibited  at 
the  base  of  Headon  Hill  in  Tolland's  Bay.  On  the  summit  of  the 
cliff,  which  is  about  60  feet  high,  marl  and  calcareous  tufa,  abounding 
with  land  shells  of  existing  species,  are  developed  beneath  the  warp- 
drift.  These  calcareous  deposits  extend  for  about  300  yards  from 
the  base  of  Headon  Hill.  Near  the  N.E.  termination  there  is  the 
section  which  is  given  on  the  opposite  page. 

The  warp  drift  which  covers  these  calcareous  deposits  consists  of  a 
brown  sandy  loam,  more  tenacious  towards  the  lower  part,  with  no 
traces  of  lamination,  and  containing  fragments  of  flint  and  of  the 

*  It  must  be  borne  in  mind  that  this  paper  has  been  locked  up  since  the  begin- 
ning of  184S  in  the  archives  of  the  Government  Geological  Survey.  In  recent 
communications  to  the  Society,  I  have  been  able  to  speak  more  confidently  of  the 
age  of  this  gravel :  see  Table,  Quart.  Joum.  Geol.  Soc.  vol.  ix.  p.  295. 
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freshwater  limestODe,  which  must  have  required  considerable  force  of 
water  for  their  transportation. 

Seciion  of  the  Superficial  Calcareous  Deposits,  Tolland's  Bay. 


Eocene  Sand*. 

«,  Calcareous  tufa — land-shells :  10  inches  to  2  feet. 

b.  Sand  blackened  by  organic  matter — calcareous  concretions  and  land-shells : 

4  to  12  inches. 

c.  Cream-coloured  marl,  with  calcareous  concretions,  and  a  few  thin  black  seams 

coloured  by  vegetable  matter— land-shells :  2  feet  6  inches. 
d;  Warp-drift  of  brown  loam :  5  feet. 

Further  to  the  N.E.  the  warp-drifl  appears  under  its  usual  cha- 
racter, often  gravelly  towards  the  base,  and  with  no  calcareous  beds 
below  it,  but  filling  indentations  and  fiirrows  in  the  bed  on  which 
it  rests,  whether  that  be  flint-gravel  or  one  of  the  eocene  strata.  On 
the  S.W.  it  only  appears  at  intervals,  being  partially  concealed  by 
the  debris  of  the  upper  part  of  the  cliff  or  by  vegetation.  At  the 
base  of  Headon  Hill  it  is  well  exposed,  and  accessible  for  examina- 
tion for  about  thirty  yards  along  the  face  of  the  cliff,  while  a  gully 
has  laid  open  a  transverse  section  for  about  fifty  yards  in  the  interior. 
The  warp-drifl  is  there  thinner,  furrowing  the  surface,  and  varying  in 
depth  from  1  to  3  feet.  The  calcareous  deposits  are  at  least  1 2  feet  thick, 
and  consist  of  several  alternations  of  cream-coloured  marl,  calcareous 
tufa,  and  bands  of  sand  and  clay  blackened  by  organic  matter.  The 
thickness  of  these  bands  of  sand  and  clay  varies  from  2  to  6  inches ; 
that  of  the  calcareous  tufa  from  6  inches  to  2  feet.  Land  shells  are 
distributed  throughout  the  whole  deposit.  Some  of  the  concretions 
in  the  calcareous  tufa  are  cylindrical,  some  subglobular.  The  former 
have  a  cylindrical  cavity  in  their  centre,  which  is  occasionally  filled 
with  decayed  vegetable  matter.  These  have  evidently  been  formed 
around  twigs  and  stems  of  plants.  The  subglobular  concretions,  ader 
exposure  to  the  weather,  bv  which  the  outer  calcareous  coats  have 
been  removed,  have  so  muck  of  the  form  of  the  Helices  and  Cyclo- 
stoms  with  which  the  deposit  abounds,  as  to  render  it  probable  that 
th^  have  had  shells  for  their  nucleus. 

The  species  are — HeUx  arbustorum  or  nemorum ;  Helix  hispida ; 
Cyelostoma  elegans. 

A  very  careful  search  for  freshwater  shells  only  gave  one  large 
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fragment  of  a  Sueeinea,  and  three  small  entire  specimens  too  fragile 
to  be  preserved*. 

The  following  extract  firom  the  Proceedings  of  the  Sociebr,  vol.  ii. 
p.  449,  describes  a  somewhat  similar  deposit,  discovered  by  m.  Bower- 
bank  in  another  part  of  the  island,  at  a  much  greater  height : — 

"  During  a  recent  examination  of  the  greensand  at  Grore  Cliff, 
Mr.  Boweroank  discovered  on  the  top  of  the  diff,  and  overlying  the 
chalk-marl  by  which  the  cliff  is  capped,  a  bed  consisting  of  detritus  of 
chalk  and  chalk-marl,  and  enclosing  in  every  part  examined  by  him 
numerous  specimens  of  existing  species  of  land-shells.  The  deposit 
extends  from  near  the  edge  of  the  cliff  to  the  foot  of  St.  Catherine's 
Down,  a  distance  of  about  660  yards.  The  range  of  the  deposit  he 
could  not  ascertain,  as  at  a  short  distance  from  the  spot  examined 
by  him  the  diff  assumes  its  usual  vertical  form." 

The  only  particulars  to  be  added  to  the  above  description  are  the 
following: — -The  accumulation  varies  in  depth  from  7  to  12  feet,  as 
seen  in  the  face  of  the  cliff.  It  exhibits  no  traces  of  alternating  de- 
posit. A  line  of  dark  clay,  in  some  places  black,  divides  it  from  the 
ehalk-marl.  It  is  not  covered  by  a  warp-drifl  of  brown  loam,  though 
BU3h  a  deposit  occurs  at  about  the  same  height  in  the  vicinity.  It 
appears  to  be  a  portion  of  a  deposit  which  had  a  greater  extension 
seaward  and  has  been  removed  by  denuding  action,  as  it  forms  a  ridge 
which  ranges  along  the  edge  of  the  cliff  and  slopes  towards  the  land, 
so  that  there  is  a  shght  hoUow  between  the  edge  of  the  diff  and  the  hill 
of  St.  Catherine's  Down.  The  variations  of  soil  in  this  district  depend 
mainly  upon  the  warp-drift,  which  at  Tolland's  Bay  covers  the  cal- 
careous aeposit,  and  is  spread  over  the  surface  of  the  Isle  of  Wight 
generally.  There,  as  in  Norfolk  and  Wales,  the  subjacent  strata, 
whether  of  the  chalk  or  the  strata  above  or  below  it,  only  exert  their 
full  influence  on  the  soil  upon  high  and  sharp  summits  and  steep 
escarpments,  where  the  warp-drift  is  either  less  than  6  inches  thick 
or  wnoUy  wanting. 

This  dependence  of  the  composition  of  the  soil  on  the  warp-drift 
rather  than  on  the  subjacent  strata,  is  strikingly  exemplified  in  the 
coast-sections  extendmg  from  Black  Grang  Chine  to  Freshwater  Bay. 
We  have  there  sands  and  clays  of  various  colours  and  compo^tion 
cropping  out  and  covered  by  a  loamy  warp-drift,  which  varies  but 
little  in  colour  and  texture,  and  which  is  associated  with  flint-gravel, 
the  two  deposits  following  the  irregularities  of  the  denuded  surface. 
The  same  appearances  are  exhibiteid  on  the  outcrops  of  the  several 
eocene  strata,  on  the  opposite  coast,  from  Hordwell  to  Christdiurch. 

*  At  a  subsequent  visit,  in  company  with  Mr.  Rose  of  Swafifham,  flint-graTel 
was  found  expcwed  in  part  of  this  section,  forming  the  base  of  the  tufaceous 
deposits.  In  this  gravel  shells  of  the  genus  Vmo  have  been  discovered  by  the 
President,  from  whom  we  may  expect  a  more  detailed  description  of  thia  and 
other  similar  deposits  in  the  Isle  of  Wight.— [Jan.  10, 1854.] 
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2.  On  ike  Geology  of  some  parts  of  Central  India. 
By  lieutenant  R.  H.  Sankey,  H.E.I.C.S. 

[Commoiiicatea  by  Prof.  Antted,  F.G.S.] 

[Abstract.] 

In  tins  paper  the  author  gave  a  veiy  eeneral  sketch  of  the  distribu- 
tion of  the  different  classes  of  rocks  and  soils  of  Central  and  Southern 
India.  The  ''red-soil"  and  calc-tuff  (Kunkur)  of  the  granitic  dis- 
tricts, the  ''black-soil"  of  the  basaltic  districts,  the  "laterite"  of  the 
Konknn  coast  and  other  districts,  called  also  locally  "  iron-clay  "  and 
"liUiomarge,"  and  perhaps  the  diamond-breccia  of  Southern  India, 
are  superficial  deposits. 

The  age  of  the  immense  basalt  or  trap  formation  of  Central  India 
is  unknown.  An  extensive  freshwater  deposit  (or  series  of  deposits) 
occurs  in  this  trap-formation ;  and  Lieut.  Sankey  observes  that  it  is 
mvariably  found  between  two  layers  of  trap.  The  author  considers 
it  probable  that  these  freshwater  beds  are  the  remains  of  a  lacus- 
trine or  fluviatile  formation  extending  from  Bombay  to  Rajamundry, 
or  entirely  across  the  peninsula  from  sea  to  sea,  in  one  direction ;  and 
from  Medoondah  (in  the  centre  of  Hydrabad)  to  Saugor  (towards  the 
north  of  Bundelcund  in  the  other  direction) ;  an  extent  of  nearly 
700  miles  in  length  and  500  in  breadth. 

These  freshwater  beds  in  the  trap  have  been  eqMcially  observed 
it  Nagpoor*,  Jubbulpoorf,  and  in  the  Sichel  Hills^. 

In  Uie  same  distnct  sandstone  and  limestone  occur  to  a  great 
extent — the  former  known  as  the  diamond-stone§;  the  latter  charac- 
terized by  fish-remains  of  Jurassic  age  ||.  But  the  relations  of  these 
rocks  with  the  basalt  are  not  evident. 

Lieut.  Sankey  makes  especial  reference  to  the  late  researches  of 
the  Rev.  Messrs.  Hislop  and  Hunter  in  the  vicinity  of  Nagpoor^, 
and  concludes  by  detailing  the  observations  made  by  himself  and 
Dr.  Jerdon  in  the  Kamptee,  Oomrait,  and  Pachmurra  custricts,  on  the 
coal,  coal-shale,  and  sandstone  there  met  with.  The  coal  occurs  about 
five  miles  north  of  the  village  of  Oomrait  (which  is  in  Lat.  22^  8'. 
Long.  78^  46',  and  filteen  imles  to  the  west  of  Chindwarra),  on  the 
bank  of  a  stream  at  the  village  of  Chota  Burkoi,  where  it  outcrops  as 
a  layer  about  1  foot  thick.  The  shale  and  sandstone  with  which  the 
coal  is  associated  have  afforded  numerous  remains  of  plants,  as  Pe- 
topterisy  Gloeeopterie,  Sphenopterie,  Phyllotheca,  and  Feriebrarue, 
inch  as  occur  in  the  Burdwan  coal  of  N.E.  India. 

On  the  north  and  west  of  Kamptee  this  fossiliferous  sandstone 

*  " Geology  of  the  Nagpnr  State;"  by  the  Rev.  S.  Hislop;  Jonrn.  Bombay 
Aaat.  Soc  July  1853,  pp.  58-76. 

t  Dr.  Spilsbnry,  Asiat.  Soc.  Joum.  1833. 

X  Dr.  Malcolmioii,  Trans.  GeoL  Soc  2  ser.  vol.  v.  pt.  3. 

^  See  Memoirs,  by  Captain  Franklin,  Geol.  Trans.  2nd  ser.  voL  iii.  pt.  1 ;  and 
Dr.  Maloolmson,  vol.  v.  pt.  3. 

I  See  Qoart.  Joum.  GeoL  Soc.  voL  vii.  p.  272 ;  and  vol.  ix.  p.  351. 

%  A  fine  collection  of  the  freshwater  fossils  of  this  district  have  been  presented^ 
to  the  Sodeiy  by  the  Rev.  Messrs.  Hislop  and  Hunter. 
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forms  a  series  of  great  thickness.     Sandstone  also  makes  its  appear- 
ance ten  miles  south  of  Nagpoor. 

In  the  Pachmurra  Range  the  sandstone  is  calculated  hy  the  author 
to  he  at  least  2700  feet  thick^  and  he  thinks  it  probable  that  it  is 
continuous  with  the  coal-fields  of  Jubbulpoor>  &c.  to  the  North,  and 
to  the  N.W.,  with  that  beyond  Baitool.  Lieut.  Sankey,  together  with 
Dr.  Jerdouy  traced  the  sandstone  almost  up  to  Hurdagur,  twenty  miles 
S.W.  of  Pachmurra ;  and  he  does  not  doubt  that,  by  its  continuation 
imder  the  trap-range  of  Muttoor,  it  b  connected  with  the  coal-bed  of 
Obmrait. 


Digitized  by 


Google 


57 


DOiNATIONS 


TO  THE 


LIBRARY  OF  THE  GEOLOGICAL  SOCIETY, 

From  July  Uty  1853,  to  October  3Ut,  1853. 


I.    TRANSACTIONS  AND  JOURNALS. 

Presented  by  the  respective  Societies  and  Editors, 

American  Journal  of  Science,  &c.      Vol.  xvi.  nos.  46  and  47. 
From  Prof.  SiUiman,  M.D.y  For.  Mem.  G.S. 

•  Philosophical  Society,  Transactions.     Vol.  x.  part  2. 

•-    Proceedings.     Vol.  v.  no.  48. 

Asiatic  Society  of  Bengal,  Journal,  1853.     Nos.  232,  233,  234, 

and  235. 
Assurance  Magazine.      Nos.   12  and  13.     From  the  Institute  of 

Actuaries. 

Athensetun  Journal  for  June,  July,  August,  Septemher. 

Berlm  Geological  Society,   Journal.      Vol.  iy.  part  4,  and  vol.  v. 
part  2. 

Bertin  Royal  Academy  of  Sciences,  Transactioifs,  1852.     Bulletin, 
Nov.  1852  to  July  1853. 

Berwickshire  Naturalists'  Gluh,  Proceedings.     Vol.  iii.  no.  3. 
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Chemical  Society,  Qoarterly  Journal.     Nos.  22,  23. 

Cornwall  Royal  Geological  Society.     d9th  Annual  Report. 

Dijon,  I'Acad^mie  des  Sciences,  &c.    M^mdres,  Deux.  S^e,  tome  i., 
1851. 
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1-8. 
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Linnean  Society,    Transactions.     Vol.  xxi.  part  2. 

'  Proceedings.    Nos.  48-51. 
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Moscou,  la  Soci^t^  Impdriale  des  Naturalistes  de.  Bulletin.  Nos.  3 
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Munich,  Royal  Academy  of  Sciences,  Mathemat.  Physic.  Class. 
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.     Bulletin.     Nos.  25-29. 
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Bojal  Agricoltaral  Society,  Journal.     Vol.  xiv.  part  1.  no>  31. 
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LyeU,  Sir  C.     Principles  of  Greology,  9th  Edition. 
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Edition. 
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Ringgold^  Commander.     Memoir  and  Maps  of  California. 

Salter,  J.  W.    On  the  Lowest  Fossiliferous  Beds  of  North  Wales, 
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PROCEEDINGS 

OF 

THE  GEOLOGICAL  SOCIETY. 


POSTPONED    PAPERS. 


1.  On  the  "Caradoc  Sandstonk"  q^  Shropsbirb.     Bj  J.  W. 
Salter,  Esq.,  F.G.S.,  and  W.  T.  Avelinb,  Esq.,  F.G.S. 

[Read  June  15, 1853.*] 

The  part  of  the  country  to  which  this  paper  particularly  refers  is 
the  tract  lying  between  the  Wenlock  Edge  on  the  east,  and  the  Long- 
mjnd,  Caer  Caradoc,  and  the  Lawley  Hills  on  the  west,  extending 
also  northwards  to  the  Wrekin,  and  the  country  about  Buildwas  on 
the  left  bank  of  the  Seyem.  When  first  mapped  by  the  Geolo^cal 
Survey,  it  was  considered,  in  conformity  with  the  views  of  the  author 
of  the  '  Silurian  System,'  that  the  whole  tract  was  superior  in  posi- 
tion to  the  Llandedo  flags,  and  that  the  '  Pentamerus  (or  '  Hollies') 
Umestone,'  so  well  developed  around  the  base  of  the  Longmynd,  vras 
the  uppermost  stratum  of  the  formation  called  '  Caradoc  sandstone.' 
It  was  shown,  however,  in  a  paper  read  before  the  Society  (Quart. 
Joum.  Geol.  Soc.  vol.  iv.  p.  298),  that  around  the  Longmynd  these 
upper  portions  of  the  Caradoc,  or  the  Pentamerus  beds,  were  alene 
developed,  the  lower  and  typical  portions  being  wantingf,  and  that 
these  upper  strata  reposed  unconformably  on  the  strata  of  Llandeilo 
flags  around  the  district  of  Shelve  and  Bishop's  Castle.  In  a  paper 
lately  read  by  Professor  Ramsay  (vol.  viii.  p.  162),  the  connection  of 
these '  Pentamerus  limestones'  and  conglomerates  with  the  base  of  the 
Wenlock  shale  was  fully  expressed.  It  became  necessary,  therefore, 
to  re-examine  the  boundary-line  between  the  Caradoc  sandstone 
and  Wenlock  shale  along  the  base  of  the  Wenlock  Edge,  where  the 
*  Pentamerus  beds'  had  been  described  (*  Sil.  Syst.')  as  forming  an 
intermediate  or  passage  group  from  the  Lower  to  the  Upper  Silurian, 
and  to  draw  the  line  at  the  base  of  those  beds,  if  they  should  prove 
distinct  from  the  lower  and  more  typical  portion  of  the  *  Caradoc.' 
It  was  also  necessary  to  ascertain  whether  these  '  Pentamerus 

*  For  the  other  papen  read  at  this  meeting,  see  voL  ix.  p.  317. 

t  The  fossil  lisu,  too,  appended  to  that  paper  indicated  a  large  proportion  of 
Upper  Silurian  fossils  mingled  with  those  more  peculiar  to  the  formation,  such  as 
the>P«fi/afN«r<,  &&,  and  but  very  fow  Llandeilo  flag  species. 
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beds  *  could  be  identified  with  that '  upper  portion  of  the  Caradoc ' 
dereloped  at  May  Hill  and  the  MalTems,  and  which  has  lately 
(toI.  ix.  p.  21 5)  been  described  by  Professors  Sedgwick  and  M*Coy  as 
exdasively  chiurged  with  Upper  Silurian  fossils^  or  whether  they 
formed  a  distinct  series,  intermediate  between  the  Upper  and  Lower 
Sflurianrocks,  andcontainii^  an  intermediate  group  of  organic  remains. 

During  the  examination,  the  authors  were  able  not  only  to  confirm 
the  prerious  view  of  the  physical  connection  of  the  beds  in  question 
wiUi  the  base  of  the  Upper  Silurian  series,  but  to  establish  the  fact  of 
1  mat  unconformity  between  them  and  the  subjacent  so-called  '  Ca- 
radoc sandstone  * ;  and  the  eyidenoe  of  the  fossils  was  found  to  be  in 
sccordance  with  the  geology. 

The  fossils  of  the  supposed  typical  Caradoc  sandstone  have  been 
already  stated  by  Prof.  Sedgwick  to  be  the  same  with  those  of  the 
Bala  group  {l,e,  p.  229).  Not  only  are  the  forms  identical,  but  in 
aflsodation  and  proportionate  numbers  of  the  prevailing  species  it 
would  be  difficult  to  mark  any  difference  as  compared  with  those  of 
Bala  or  Meifod.  And  there  is  no  admixture  of  other  or  new  forms, 
or  of  those  characteristic  of  higher  parts  of  the  i^stem.  This  will  be 
shown  in  briefly  noticing  the  character  and  fossil  contents  of  its  sub- 
dhriaions.  And  in  this  respect  they  are  in  striking  contrast  with  the 
orerlying  grits  and  limestones  of  the  '  Pentamerus  beds,'  which, 
along  the  whole  extent  of  the  country  under  review,  are  characterized 
b?  species  nowhere  to  be  detected  in  the  adjacent  Caradoc  strata, 
iwt  which  for  the  most  part  are  the  same  as  are  found  in  the  Wen- 
lock  strata,  mingled  with  others  more  characteristic  of  this  particular 
horizon,  and  occasionally  plentiful  in  the  upper  portion  of  the  Llan- 
deilo  flags,  such  as  the  Pentameri, 

The  strata  that  will  now  be  brought  under  notice  in  more  detail 
are — I .  the  various  subdivisions  of  the  rocks  hitherto  called  '  Caradoc 
sandstone '  in  Shropshire  (the  lowest  beds  of  which  are  cut  off  from 
any  inferior  strata  by  great  faults) ;  2.  the  Pentamerus  sandstone 
and  limestone ;  and  3.  the  lowest  portion  of  the  Wenlock  shale. 
The  beds  in  a  descending  section  are  as  follows : — 

Localitiet  where  well  expoied. 

!Sir'  \  "'  f^'^^'S^""^^  \  Wista^w;HughleyMill;Build- 
•^^     C      calcareous  bands.  3    was,  &c.  &c. 

r  Cheney-Longville  foot-bridge;  W. 
8.  Purple  shales,  200  to  400  feet  N    of  Huriiley;  Belswardins  brook ; 
thick.  1    N.of  Buildwas;  S.  endofLong- 

v    mynds. 
Cheney-Longville ;  Acton  Scott ; 


2 


S 


|1 

•  i 

a. 


7.  Thin  limestone  bands,  interstra-  <s     ji  -/*i.    tt  n-    x    ^*    - 

tifiedwithochreousUndstone,!    near  Soudley  (the  HoUies)  ;Mer- 
and  anriUaceous  shale.  TPenta-  '     "'^-^J^J'^J^y  5  BeLnjardins; 


and  argillaceous  shales  (Penta- 
merus beds). 


Morrell's  Wood,  near  the  Wrekin, 

&c.  &c. 

(  Church  Preen ;  Kinley ;  Harley ; 
6.  Conglomerates  and  sandstones.  )    Morrell's  Wood ;  E.  of  Wrekin ; 

t    S.  and  £.  of  Longmynds. 
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The  above  lie  unoonibniubly  on — 


§ 

I. 

if 

ll" 

V 


I 


"5.  Thin-bedded  sandy  shales,  full  ] 
of  Trinucletu  concentricus.  ) 

4,  Thick  and  thin-bedded  brownish  ^ 
and  yellow  sandstones,  with  cfl-  C 
careous  courses,  highly  fossili-  \ 
ferous.  ^ 

3.  Thick  freestone  beds  of  a  brown  "^ 
colour,  often  largely  streaked  C 
with  green  and  purple  (Horderley  \ 
flags).  ^ 

2.  Yellow  coarse  sandstones  (in-v 
some  places  a  conglomerate  which  / 
is  rarely  fossiliferous),  with  a  cal-  r 
careous  band  at  Horderley,  Har-  J 
nage  Park,  &c.  ^ 

1.  Sandy  and  argillaceous  shales,  r 
in  parts  fossiliierous,  but  gene-  \ 
rally  barren. 


Localities  where  well  expowdi 

Banks  of  the  Onny  at  Chea< 

Longville ;  near  Acton  Scxitt. 

Onny  River;  Bushmoor;  ^ 
tingslow;  Acton  Scott;  Cardii| 
ton ;  Holly  ^Binn,  Soudley. 

Longlane;  E.  of  Horderley:  So«| 
ley;  Enchmarsh;  Chatwill. 


Corston  Heath;  Horderley;  Hfl| 
Edge ;  Acton-Bumell  Pari 
Cound  Moor;  near  Hamage.    I 

Hamage ;    Cressage ;    Sbinetoi^ 
Maiy  I^ngle,  N.  of  Leighton. 


1.  Shales  o/Cresaape,  Leighton^  ^c. — These  beds,  which  occupy 
the  low  ground  north  of  Acton-Burnell  Park  and  Cressage  Park, 
are  well  seen  at  the  villages  of  Hamate  near  Cound,  and  atShineton. 
They  are  generally  fine  and  thin-bedded  argillaceous  shales,  without 
fossils,  readily  separating  into  layers,  and  as  such  may  be  seen  at  a 
mill  one  mile'  north  of  Leighton  Church,  and  also  on  the  brook  east 
of  Belswardins  Hall,  Cressage,  where  a  trial  for  coal  has  been  made, 
and  where  they  dip  at  an  angle  of  60^,  and  are  covered  unconformably 
by  the  Pentamerus  limestone.  Occasionally  they  are  more  arena- 
ceous, and  contain  Lingulae,  Trilobites,  Encrinites,  &c.,  as  at  Shine- 
ton,  Hamage,  and  Cound.  The  following  fossils  have  been  observed  *, 
but  the  specimens  are  not  fully  examined : — 

Olenus sp.    Shineton. 

Trinucleus  concentricus,  *♦*♦*. 

Asaphus sp.,  ♦.     Shineton. 

Aguostus.     Shineton. 

Beyrichia  complicata,  and  a  minute  Cythere. 

Orthis  altemata,  ♦*♦.    Hamage. 

testudinaria. 

Nucula,  Orthonota,  Theca,  Lingula,    Hamage. 
Bellerophon  nodosus  (see  Appendix).    Hamage. 
Graptolites,  Fenestella,  Ptilooictya.    Hamage. 

The  occurrence  of  the  Trinucleus,  a  true  Asaphus,  and  Agnostus 
would  be  Quite  sufficient  to  mark  these  as  Lower  Silurian,  if  die  cha- 
racteristic Bala  species  of  Beyrichia,  Orthis,  and  Bellerophon  were 
absent.  These  beds  are  distinctly  succeeded  at  Hamage  Park  and 
near  Cound  by  the — 

2.  Hoar  Edge  grits, — ^Thick  sandstones,  often  coarse-grained, 
and  containing  rounded  pebbles  of  quartz, — some  of  a  very  laj^  riie, 
and  small  pebbles  of  red  jasper  and  green  earth.    They  are  well 

*  The  relative  sbundaoce  of  the  tpeciei  ii  indicated  by  isteritka. 
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shown  at  Oorston  on  the  extreme  southern  point  of  the  district, 
where  they  consist  of  pehhlj  grits  interstratified  with  finer  sand- 
stones and  occasional  shales,  full  of  fossils.  They  extend  hy  Hope- 
say  Common  to  Horderley,  where  th^y  are  less  gritty,  and  become 
so  calcareous  as  to  form  a  good  biulding-stone.  They  are  then 
interrupted  for  awhile  by  faults  and  the  trappean  ridges  of  Hope 
Bowdler  and  Ragleth  ;  and  they  reappear  as  coarse  grits  in  the  Hoar 
Edge,  where  they  are  quarried,  dippmg  east  from  the  Lawley  Hill  at 
an  angle  of  50°  to  70° ;  from  whence  they  are  continued  by  Frodesly 
Park  and  Ruckley  to  Acton-Bumell  Park  and  Hamage  Grange,  with 
a  limestone  band  continuous  alone  their  lower  portion.  The  strike 
turns  here  towards  the  east,  and  they  are  soon  overlapped  by  the 
coarse  grits  (6.)  at  Kinley.  Fossils  are  very  numerous  m  some  por- 
tions.    The  following  are  the  species  hitherto  observed  : — 

Cslymenc  Blumenbachii,  *. 

Trinudeus  concentricus,  **. 

Phacops  apiculatus,  **,    In  the  sbaly  beds. 

Homalonotus  rudis,  *.    A  rare  Bala  species ! 

Beyrichia  complicata,  ***.     In  the  shales. 

Orbicula  punctata. 

Orthis  el^antula. 

Actonise. 

flabellulum,  ♦♦♦*. 

vespertiho,  *♦*. 

testudinaria,  *. 

calligramma. 

Strophomena  ezpansa. 

concentrica,  Peril.  ♦♦. 

spiriferoides,  M^Coy, 

Rh3mconella,  two  or  three  species. 
Stenopora  fibrosa,  *♦**♦. 
Retepora,  n.  sp. 

3.  Thick-bedded  flags  orfreeatonea  ofSibdon,  Longlane,  andJIor- 
derley. — These  consist  of  fine-grained  freestones,  greenish  oUve  and 
yellowbh  brown,  much  streaked  with  purple,  and  usually  thick-bedded, 
with  calcareous  partings  full  of  fossils.  They  dip  at  moderate 
angles,  except  alone  a  Ime  of  disturbance  which  extends  from  Rag- 
leth Hill  southwards  to  Sibdon.  On  this  line  their  lower  beds  are 
much  disturbed,  and  in  some  places  quite  perpendicular.  North  of 
the  trappean  hills  of  Hope  Bowdler,  along  the  ridge  of  Enchmarsh 
and  Chatwall,  these  flags,  somewhat  diminished  in  thickness,  dip  at 
angles  from  50^  to  60^ ;  at  Broome  and  further  north  they  lie  at  a 
lower  angle,  30®  to  40°,  until  they  reach  Church  Preen,  where  thgr  are 
covered  unconformably  by  the  grits  No.  6.  At  Chatwall  and  Ench- 
marsh pebbles  of  quartz  occur  in  the  freestones,  and  there  are  beds 
of  yellow  sandstone  rendered  in  parts  highly  calcareous  by  abundance 
of  the  Orthis  cdtematay  Sow.  (one  of  the  characteristic  fossils  at 
Bala).  The  lower  portion  of  these  flags  passes  through  thinner  beds 
into  arenaceous  shales  which  overlie  the  Hoar  Edge  grits  last  de- 
scribed (No.  2).  Their  upper  layers  graduate  into  the  thin-bedded 
flagstones  of  the  next  division. 
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The  fossils  are  the  same  as  those  of  the  grits  last  mentioned,  with 
the  exception  of  some  of  the  rarer  species,  and  the  addition  of 

Tentaculites  annulatus. 

Homalonotus  bisulcatus. 

Strophomena  grandis. 

bipartita  (see  Appendix),  a  species  with  a  strong  central  rib; 

yery  common  in  tbe  next  dmtion.    Chatwall. 
Modiolopsis ;  one  or  two  small  species. 

modiolaris.    Chatwall. 

Nucula sp.,  same  as  a  Bala  species ;  Cheney-Longnlie.    And 

one  or  two  other  bivalves. 
Orthonota  nasuta.    Horderley. 
Turbo  crebristria.    Chatwall. 
Nebulipora  favulosa,  var.  lens.    (N.  lens,  3f*Coy.) 
Glyptocrinus  basalis,  M'Coy.    The  rings  of  this  species  occur  in  great 

numbers. 
Murchisonia  simplex,  M'Coy.    Chatwall. 
BeUerophon  bilobatus,  ***. 

Orthoceras;  smooth,  and  with  central  siphon.    Horderley;  Chatwall. 
Diplograpsus  pristis.    Occurs  at  Soudley  quarries. 

The  prevailing  species,  however,  are 

Orthis  elegantula,  O.  testudinaria,  and  O.  alteniata; 
Leptaena  sericea ; 

Nebulipora  favulosa,  var.  lens ;  and 

Glyptocrinus  basalis ;  separate  rings  and  stems,  which  occur  in  the 
greatest  profusion  on  every  slab. 

4.  Thin-bedded /lags,  with  much  mndy  shale  and  thin  beds  (2  to 
6  inches  thick)  of  greenish  sandstone,  —They  are  more  earthy  about 
the  upper  parts,  and  at  Acton  Scott  pass  into  a  hard  and  thick- 
bedded  siliceous  flag,  formerly  quarried  for  building-stone.  The  best 
section  of  these  is  seen  on  the  Onny  River,  above  the  Horderley  flags 
last  noticed ;  and  they  are  also  weu  seen  along  the  lane  leading  west 
from  Cheney-Longville  to  the  common,  where  all  the  beds  are  visible, 
dipping  at  a  low  angle  towards  the  village.  Proceeding  northwards 
they  occur  also  at  Woolston,  Bushmoor,  Wittingslow,  Acton  Scott 
plantations,  and  the  Marshbrook  station  of  the  Shrewsbury  and  Here- 
ford Railway.  They  are  seen  near  Hope  Bowdler  at  the  Holly  Farm- 
house, where  calcareous  courses  come  out  immediately  under  the 
farmyard"'.  At  Gretton  quarry,  near  Cardington,  they  are  better 
seen  than  anywhere  else,  the  quarry  being  a  perfect  magazine  of 
fossils  in  a  soft  yellowish  sandstone.  On  the  ridge-road  from  Broome 
to  Church  Preen,  several  openings  in  the  lower  part  of  these  beds 
oceur,  rich  in  fossil  shells.  The  beds  are  not  nearly  so  much  disturbed 
as  those  of  the  previous  division,  and  generally  dip  at  low  angles. 

*  Fragments  of  these  limestones  were  gathered  from  the  lime-kOn  (now  de- 
serted) further  down  the  brook,  where  an  attempt  was  formerly  made  to  bom  tbe 
overlying  "  Pentamerus  limestone.''  It  was  the  accidental  mixture  of  some  of 
thuse  specimens  in  the  original  collection,  that  introduced  so  many  characteristic 
LlandeUo  species  into  this  uppermost  btaxd  or  **  Hollies  Limestone.'*  See  Silu- 
rian System,  vol.  i.  p.  217.  and  pi.  19. 
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The  fossils  are  very  much  the  same  as  those  of  the  two  preceding 
diyisiODS — 

Cmlymene  Blumenbachii,  ♦♦♦♦♦,        Orthis  vespertilio, 

Orthis  testudinaria,  ♦♦♦♦♦♦♦♦♦,         NebuUpora  fiiTulosa,  var.  lena, 

aHernata, 

being  still  the  common  fossils.  There  is,  howerer,  a  considerable 
differoice  in  the  proportionate  numbers  of  certain  species.  The  fol- 
lowing, which  are  rather  rare  in  the  lower  beds,  are  the  commonest 
spedes  here: — 

Phaeops  conophthalmos.    Gretton,  Hatton,  &c. 

tnmcato-caadatus.        Acton-Scott  plantation,  &c. 

Homakxnotus  Insulcatus.  Do.,  Cheney-Longville. 

TentacoUtes  annulatus.  Do.,  do. 

Modiolopsis  orbicuUris.  Do.,  do. 

while  the  following  are  but  rare  in  most  of  the  localities : — 

TrinaclenB  concentricns.  Strophomena  expansa. 

Bellerophon  bilobatui.  Glyptocrinus  hasaUs. 

Orthis  flabeUulum. 

The  last,  indeed,  so  common  in  division  No.  2,  is  seldom  or  never 
met  with  here.  One  rare  and  curious  fossil  was  detected  near  Cheney- 
Longville,  which  may  serve  still  more  to  identify  these  beds  with 
those  of  the  Bala  rocks, — ^the  Pterotheea  undulata,  Salter,  a  curious 
and  rather  large  Pteropodous  shell  found  in  strata  of  this  age  in  Caer- 
narvonshire. At  Acton  Scott,  in  the  quarry  near  the  church,  Cyhele 
verrucosa  and  Lichas  laxatus  occur,  together  with  Strophomena  de- 
freMSOy  Leptana  tranweraalis,  and  OriftU  biforata ;  and  at  Gretton 
quarry  near  Cardington,  a  trilobed  lUaniu  and  Acidaspis  Caractaci, 
with  fucoids,  are  found,  in  addition  to  almost  all  the  common  Bala 
fossils.     This  locality  is  well  worth  the  attention  of  collectors. 

The  topmost  bed  of  these  flags  is  a  dark  grey  shale,  calcareous  and 
rubbly,  with  bands  of  concretionary  limestone  frequently  occurring  in 
the  micaceous  shale.  It  is  well  seen  in  the  river  Onny  at  Cheney-Lon^- 
ville,  where  it  forms  a  small  ledge  easily  accessible  when  the  water  is 
low,  and  plainly  dips  under  the  shales  next  described.  It  also  comes 
out  in  the  Horderley-road,  where  it  is  full  of  fossils  ;  and  is  still  better 
seen  by  following  up  the  little  brook  called  Batch  Gutter,  where  it 
has  been  quarried.  The  same  bed  is  traceable  in  the  road-side  between 
Acton  Scott  and  Henley,  in  the  brook  above  Ticklerton  Hall,  and  even 
ranges  as  fieur  up  as  Plash,  north  of  Cardington,  where  a  well  lately 
sunk  has  brouent  up  abundance  of  this  peculiar  shale  ;  and  in  the 
brook  above  Church  Preen,  yellow-brown  shales  occur  with  some  of 
the  same  fossils.  It  is  then  overlapped  by  the  coarse  grits  belonging 
to  the  overljring  series,  and  disappears.  The  fossils  are  very  plen- 
tiful.    The  following  are  charactenstic : — 

Lichas  kxatus.  Strophomena  bipartita,  **.  (Appen- 

Phacops  tnmcato-caudatus.  dix.) 

conophthalmus.  Clidophorus ,  oval  sp.,  **. 

Ampyx 8p.  NTicula  varicosa,  Salter  (Appendix). 

Orthis  Actonis.  Orbicula  elongata,  Portlock,  **, 

vespertilio,  *♦.  •  Scalites  (Pleurotomaria)  lenticula- 

elegantula.  ris,  ***. 

f2 
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Belleropbon  bilobatus,  ♦**.  Orthoceras . 

acutus,  *♦*  (not  carinatus).  No  Trinucleus  found ;  but  fragments 

sulcatinu8,£iiimofM?  (Appen-  of  loose  grey  shale  in  the  Oony, 

dix).    This  is  also  found  in  Ty-  most  prorably  from  this  locality, 

rone.  have  them  in  abundance. 

5.  Trinucleus  shales. — Above  the  grey  calcareous  sbales  last-men- 
tioned occur,  both  in  the  Onny  River  and  further  north,  a  series  of 
thin-bedded  sandy  shales  of  a  yellow  or  yellow-brown  colour.  In  the 
Onny  they  are  well  seen  in  a  low  cliff  on  the  lefl  bank,  about  300  yards 
above  the  foot-bridge  to  Cheney-Longville,  dipping  eastward  at  an 
angle  of  20^,  free  from  any  admixture  of  calcareous  beds,  very  uni- 
form in  character,  and  full  of  the  Trinucleus  to  the  very  top.  About 
halfway  along  the  cliff  they  are  at  once  overlaid  uncouformably  by 
the  calcareous  and  shaly  beds  of  the  '  Pentamerus  limestone,'  above 
which  no  Trinuclei  are  found.  In  the  fields  at  Batch  Gutter  above 
mentioned,  the  same  shales  occur  with  Trinuclei  and  Orthides.  In 
the  lane  that  leads  from  Marsh  Farm  to  Acton  Scott,  they  also  occur 
(with  the  same  fossils)  very  near  Henley,  but  they  do  not  appear 
farther  north,  being  overlapped  by  the  Pentamerus  beds.  Hie  fossils 
are — 

Tiinudeus  concentricus,  ***♦.  Orthis  elegantula. 

Clidophonis,  same  species  as  above.       Leptaena  sericea,  small,  ****. 

It  is,  we  feel  certain,  fragments  of  this  shale  which  have  furnished 
the  Trinuclei  mentioned  by  Prof.  Sedgwick  as  occurring  within  the 
limits  of  the  Wenlock  shale,  and  above  the  Pentamerus  limestone*. 
The  boundary  of  the  Wenlock  shale  in  the  first  editions  of  the  Survey 
map  was  extended  rather  too  far  westward  along  this  part  of  the 
country,  and  was  made  to  include  this  shale,  now  more  correctly 
referred  to  the  uppermost  part  of  the  Llandeilo  and  Bala  rocks. 

6.  Coarse  grits  of  Church  Preen,  Kinley,  ^c» — ^The  lowest  strata 
of  this  overlying  group  are  coarse  grits  and  sandstones,  hitherto 
classed  with  the  so-called  Caradoc  sandstones.  They  occur  only  at 
the  northern  end  of  this  district,  and  extend  from  the  Wreldn  nearly 
as  far  south  as  Cardington,  reposing  on  the  successive  divisions  of 
the  beds  before  described,  and  are  here  overlapped  by  the  lime- 
stones and  shales  of  the  Pentamerus  beds.  At  Gibbon's  Coppice 
and  Morrell's  Wood,  they  He  upon  No.  1,  the  Cressage  shales,  and 
are  a  coarse  sandstone,  very  gritty  in  its  upper  part,  and  containing 
a  large  species  of  Lingula  very  Uke  L,  crumena  of  the  Malvern  sand- 
stones, but  apparently  distinct ;  and  in  the  same  slabs  with  it  Penta- 
merus ohlongus  and  Atrypa  hemisphterica,  thus  uniting  it  with  the 
overlying  shales.  This  condomerate  is  not  continuous  across  the 
Severn,  for  at  Shineton  and  JBelswardins,  on  the  opposite  bank,  the 
shales  and  Umestones  are  the  lowest  beds.  But  it  reappears  in 
Cressage  Park,  where  it  is  full  of  casts  of  Rhynconella  decemplieata 
aad  another  species,  both  identical  with  those  from  the  same  beds  at 
Minton  on  the  edge  of  the  Longmjrnd.  There  are  some  veiy  im- 
perfect Orthides,  which  cannot  be  determined,  in  these  grits  at  Kmley. 
Here  the  beds  rest  on  the  Lower  or  Hoar  Edge  grits  (No.  2).  No 
*  Quart.  Geol.  Joum.  toI.  viii.  p.  228.    Prof.  Sedgwick  agrees  with  us  in  this. 
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fossils  have  been  fotmd  in  the  conglomerate  at  Church  Preen,  at 
which  place  it  rests  on  the  upper  shales  (No.  4)  of  the  Llandeilo 
series.  It  extends  two  miles  further  south  by  Plash,  Sheaves,  and 
Oakwood,  where  the  Pentamerus  limestone  again  overlaps  it,  and 
Gontinaes  as  the  base  of  the  series. 

It  is  evident  that  this  underlying  sandstone  cannot  be  considered 
apart  from  the  same  beds  which  skirt  the  Lonffmynd,  appearing  at 
various  points  beneath  the  Wenlock  shale,  and  describea  by  Prof. 
Ramsay  in  his  late  paper  (vol.ix.  p.  175)  as  "the  pebbly  shore  of 
the  Wenlock  sea."  At  Minton,  All  Stretton,  Hope,  ^ogmine,  &c.,  it 
is  chiefly  filled  with  species  which  are  to  be  found  in  Upper  Silurian 
rocks. 

Calymene  Blumenbachii,  ♦♦♦**,  Atrypa  reticularis,  ***, 

nhemis  Barriensis,  ****,  marginalis,  ***, 

Encrmums  punctatus,  ****,  Pterinea  retroflexa, 

Cheinirut  bmiueronatus,  Goniophora  cjrmbieformis,  *, 

Pbacops  Downingise,  *,  HolopHella  obsoleta, 

stokesii,  Bellerophon  trilobiUus, 

Proetus  Stokesii,  *,  expansus, 

Strophomena  pecten,  carinatus, 

are  all  Upper  Silurian  fossils.  The  following  are  chiefly  Lower 
Silurian : — 

Tentaculites  annulatus,  ****.  RbynconeUa  decemplicata,  *. 

Orthis  reversa,  Salter,  ***.  Scalites  lenticularis. 

biforata,  Salter,  ***.  Lituitea  corau-arietis. 

t Actonite.  Uolopella  cancellata,  ****. 

t veapertilio. 

The  aspect  of  the  fossils  is  not  Lower  Silurian,  and,  except  with 
some  of  the  upper  sandstones  and  conglomerates  in  Caermarthenshire, 
there  is  no  part  of  the  Llandeilo  flags  with  which  they  have  any  near 
resemblance  ;  while  the  presence  of  abundant  Pentameri  and  of  many 
other  fossils  indicate  clearly  the  connexion  of  these  beds  with  the 
next  stratum,  the  Pentamerus  limestone,  which  here  and  there 
slightly  overlaps  it  in  some  of  the  locaUties  where  they  have  been 
observed  togetner. 

7.  FentameruB  limeatone, — ^The  beds  which  may  be  classed  under 
this  name  in  the  country  under  consideration  are  beds  of  sandstone, 
often  so  highly  calcareous  from  the  presence  of  fossils  as  to  be  Ume- 
stone,  but  generally  thm-bedded  layers  of  yellow  or  yellow-brown 
micaceous  sandstone,  interstratified  with  brown  and  blue  shale.  Their 
lower  boundary  is  traceable  along  the  whole  line  at  intervals  from 
Cheney-Lonffville  to  the  Wrekin,  but  the  upper  limit,  consisting  of 
soft  purple  shales  (No.  8),  is  inseparable  from  the  Wenlock  strata. 
The  Pentamerus  limestone  is  first  seen  on  the  banks  of  the  Onny  in 
the  low  cUff  above  mentioned,  where  it  consists  of  thin  courses  of 
bastard  limestone  with  Pentamerus  undatus,  and  is  overlaid  by  shales 
with  thin  beds  of  sandstone,  full  of  fossils.  The  accompanying  wood- 
cut will  show  the  slightly  unconformable  position  of  these  beds  on 

t  Thete  two  species  are,  however,  not  in  the  Sunrej  collections.  Prof.  E.  Forbes 
obsenred  them  at  Hope  Quarry. 
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the  Trinucleus  shales  helow.   It  is  difficult  to  examine,  as,  excc»t  in 
droughts,  one  must  stand  up  to  the  knees  in  water.     Further  down 

Section  on  the  north  bank  qf  the  Rwer  Onny,  at  Cheney  LongtiUe 
foot-hridgey  Shropshire;  showing  the  PentameruM^teds  lying  umr 
conformably  on  the  older  strata. 


6  7  a 

ft.  Trinucleus-ihalea  (Uanddlo  and  Bala  rocks). 

7*  PentameruB-beda.  8.  Purple  shales,  followed  by  Wenlock-ahale. 

the  hrook  the  hanks  show  red  shales  (No.  8),  not  far  from  the  foot- 
bridge, below  which  the  ordinary  Wenlock  shale  makes  its  appearance. 
No  Pentamenis  oblongus  occurs  at  this  section,  but  by  following 
the  line  northwards,  it  is  found  in  abundance,  with  the  Atrypa  hend- 
spharica,  &c.,  at  the  following  places : — Banner-bank  plantation  near 
Acton  Scott ;  and  in  the  brook  at  Ticklerton,  and  the  Holly  Farm, 
Soudley,  the  limestone  (locally  called  "Jacob's  ")  is  full  of  large 
spedmens  of  this  shell,  which  is  the  preyailing  fossil  from  hence  to 
Buildwas.  The  limestone  and  overlying  shale  is  remarkably  well 
seen  at  Ticklerton.  It  occurs  again  in  well-dcTeloped  beds  in  the 
brook  that  runs  firom  Stone  Acton  towards  Rushbury,  and  is  then 
traceable  by  blocks  in  the  ploughed  lands  and  in  the  ditch-courses 
to  Day's  Coppice,  and  to  the  north  of  Church  Preen  along  the 
Kinley  ridge.  Near  Harley  there  is  an  excellent  section  in  the 
brook  at  Meirish-wood,  and  another  in  the  brook  eastof  Belswardins. 
The  following  are  characteristic  fossils : — 

AddaspiB  crenatus.    Morrell's  Wood,  Wrekin. 

Encrinurus  punctatus,  ♦***. 

Phacops  Stokesii. 

nisenus ; — a  trilobed  species ;  at  Cheney  Longville. 

Calymene  Blumenbachii.    Moireirs  Wood. 

Cyphaspis  megalops.  Do. 

Phacops  caudatus.    Belswardin,  Acttm  Scott,  &c. 

Trinudeus  concentricus.    Very  rare ;  only  at  Acton  Scott,  in  soft 

yellowish  sandy  shale  with  Atrypa  hemisphserica. 
Beyrichia  tuberculata. 

TentacuUtes  annulatus ;  var.  with  dose  rings,  ***. 
Annelide-maridngs,  very  common. 
Atrypa  hemisphserica,  **♦***. 

var.  with  two  raised  plaits.    Morrell's  Wood. 

reticularis,  ***. 

Orthis  degantula. 

reversa,  **. 

testudinaria. 

vespertilio?    One  spedmen.    Acton  Scott,  sandy  shales. 

calbgramma.    Rare.    Belswardin,  near  Cressage. 

-Strophomena  pecten,  *****. 

compressa,  **♦. 

,  one  or  two  other  species.    Morrell's  Wood  &c. 


Digitized  by 


Google 


8ALTSR  AND  AVIBLINS  ON  THE  CARADOC  SANDSTONE.         71 

Pentamenu  oblooffas.    Abundant  eyerywhere. 

nndatai,  ♦♦♦♦. 

lens,  ****. 

Leptaena  transvenalis,  *. 

Grayii.     In  shales,  Shineton  Coppice. 

Crania  implicata?    Morrell's  Wood. 

Modiolopns,  Clidophorus,  Murchisonia,  Turbo,   Scalites,  Euom- 

Shalva,  and  Orthoceras  occur  rarely,  and  are  all  more  or  lem 
oubtfiil  species. 
Pterotheca  (transversa?  or  an  allied  species).    Morrell's  Wood. 
Petraia,  wide  and  short  species.    Shineton  Coppice ;  Kinley. 
Petraia  bina,  *♦*. 

Halysites  catenulatus.    Very  rare,  near  Stone  Acton. 
Stenopora  fibrosa,  ♦*. 
Favosites  ahreolans,  *.    Morrell's  Wood. 
Ptilodictya  (dichotoma?). 

8.  Purple  shales. — ^Wherever  the  section  is  well-exposed  these 
shales  are  to  be  seen  lying  beneath  the  grey  rubbly  Wenlock  shale, 
and  above  the  Pentamerus  beds.  They  occur  on  the  north  bank  of 
the  Onny  just  above  the  Longville  foot-bridge ;  in  the  brook  at 
Tickl^rton ;  west  of  Hughley ;  the  brook  at  Belswardins ;  and  north  of 
Bnfldwas.  They  are  from  200  to  400  feet  in  thickness,  and  in  some 
places  contain  bands  of  fine  blue  micaceous  sandstone.  Few  fossils 
Dtve  been  found.  The  following  occur  at  one  or  other  of  the  above 
localities: — 

Beyridiia  tuberculata,  *.  Strophomena  pecten,  **. 

Leptsena  bevigata,  *♦♦.  Atrypa  reticularis,  *. 

transvenalis.  Rhynconella  furcata,  *. 

Orthis  biloba,  *♦.  Petraia  bina,  *♦. 

This  peculiar  red  shale  may  also  be  seen  near  Choulton  Bridge,  at 
the  southern  end  of  the  Longmynds,  occupyine  the  same  position 
between  the  Pentamerus  beds  and  the  true  WenLck  shale  ;  and  the 
section  there  is  consequently  in  accordance  with  that  under  Wenlock 
Edge ; — ^the  fossils  are  the  same  in  both  cases. 

9.  Wenioek  shale. — On  the  banks  of  the  Onny,  below  the  foot- 
bridge, as  above  stated,  the  Wenlock  shales  are  exhibited ;  but  not 
very  conspicuously.     Tliey  readily  yielded  the  following  fossils  : — 

Phaoops  caudatns,  var.  longicau-  Theca  anceps,  Salter. 

dftfcus,  **.  Loxonema  eleeans,  M'Coff  ? 

Calymene  tuberculosa,  **.  Orthoceras  subundulatum. 

Beyrichia  tuberculata,  *.  Graptolithus  priodon,  **. 
Cardiola  intemipta,  **. 

The  Wenlock  shale,  characterized  by  the  above  and  other  common 
ipedes,  extends  from  hence  to  Buildwas,  and  along  the  whole  line 
sppears  to  dip  conformably  with  the  Pentamerus  beds.  If  it  over- 
laps them  at  all,  it  can  only  be  at  the  south  end  of  the  Wenlock 
escarpment,  where  from  Sibdon  to  Corston  the  shale  hes  against  the 
lowest  grits  (No.  2),  without  the  intervention  of  the  Pentamerus 
beds.  Around  the  Longmynd,  however  (see  the  Paper  above  re- 
ferred to,  vol.  iy.),  the  Wenlock  shale  oflen  rests  on  the  conglo- 
merate beds  without  the  intervention  of  the  limestone,  and  often  on 
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the  bare  Longmynd  rocks  without  any  intermediate  beds  at  aU.  The 
Pentameros  limestone,  too,  in  the  same  region,  frequently  overli^ 
the  conglomerate  beds,  so  that  there  may  be  a  slight  amount  of  un- 
conformity between  each  of  these  strata  in  their  turn.  But  the 
connexion  between  the  organic  remains  of  the  conglomerates  and 
those  of  the  Pentamerus  limestones  is  perfect,  and  the  latter  appear 
gradually  to  lose  their  peculiar  species,  and  to  graduate  upwards 
into  the  Wenlock  shale.  This  may  be  accounted  for,  however,  by 
the  land  gradually  sinking  during  the  formation  of  these  beds,  without 
supposing  any  ffreat  disturbance  or  long  interval  of  time,  and  hence, 
as  above  stateoC  there  is  very  little  change  in  the  fossil  contents, 
except  what  may  be  referred  to  a  variation  in  the  depth  of  the  sea. 

Between  these  strata,  however,  and  the  sandstone  formerly  called 
"  Caradoc  sandstone^*'  there  is  no  true  passage,  nor  any  similarity 
in  fossil  contents  in  the  country  under  review;  and  it  is  evident 
that  they  can  no  longer  be  classed  under  the  same  name.  The  rocks 
east  of  Uaer  Caradoc,  formerly  considered  as  typical  Caradoc,  are  the 
equivalent  of  the  Meifod  and  Bala  rocks,  and  of  their  upper  and 
middle  portions  only.  The  overlying  strata,  on  the  contrary,  are 
identical  (at  least  in  part)  with  the  arenaceous  beds  described  by 
Prof.  Ramsay  (vol.  iv.  p.  299)  as  lying  at  the  base  of  the  Wenlock 
shale  at  Builth,  and  with  the  sandstones  of  Presteign,  May  Hill,  and 
Malvern,  to  which  Prof.  Sedgwick  has  appUed  the  term  "  May  Hill 
sandstone."  Whether  the  Caradoc  sandstone  of  the  Welsh  counties 
{supra,  vol.  iv.  p.  294  *)  be  identical  with  these  overlying  beds,  as 
suggested  from  fossil  evidence  by  Professors  Sedgwick  and  M'Coy,  is 
not  yet  certain,  from  the  want  of  sufficient  fossil  data ;  but  so  far  as 
the  collections  yet  made  in  these  barren  tracts  may  serve,  the  fossils 
agree  well  with  this  view,  scarcely  any  of  the  true  Bala  fossils  being 
found  in  them  ;  and,  on  the  other  hand,  many  common  Upper  Silu- 
rian fossils  are  plentiful  there. 

Should  further  examination  prove  this  to  be  the  case,  the  name 
"  Caradoc  sandstone  "  might  still  be  retained  for  this  large  interme- 
diate formation,  several  parts  of  which  have  been  constanuy  so  named 
in  various  works ;  and  the  "  Pentamerus  limestone,"  characterized 
by  species  which  are  plentifuUy  found  in  bedsf  below  and  aboye  this 
*'  Caradoc "  formation,  is  thus  linked  on  to  the  older  strata,  and  at 
the  same  time  forms  the  bed  of  passage  from  the  Lower  to  the  Upper 
Silurian  rocks. 

Summary. 

The  conclusions  to  be  drawn  from  the  foregoing  data  may  be  thus 
shortly  stated.    The  rocks  east  of  the  Longmynd  hitherto  known  as 

*  At  p.  296,  the  conglomerates  aroand  the  Longmyndi  are  identified  with  the 
Welsh  Caradoc  sandstone,  hot  they  were  not  separated  from  the  rocks  east  of 
Caer  Caradoc. 

t  The  sandstones  referred  to  in  the  memoir  by  Prof.  Ramsay,  before  quoted,  as 
occurring  1000  to  1500  feet  below  the  Caradoc  sandstone  of  North  Wales,  are  full 
of  the  characteristic  Pentameri,  Jtrypa,  &c.  of  these  uppermost  beds.  All  the 
Pentameri  abound  there,  and  Atrypa  retieuUtris,  Hokpella  amcellaia,  &c.  are 
frequent  fossils.    Atrypa  hendsph^trica  is  more  nure. 
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Cmdoc  sandstone  are  now  divided  into  two  groups.     The  lowest  and 
greatest  portion  is  equivalent  to  the  middle  and  upper  portions  of  the 
Llandeilo  and  Bala  rocks,  and  were  accumulated  in  the  following 
order: — 
1.  Fine  shales,  with  small  Trilohites  (OlenuSy  Jsapkus,  Agnostut) 

and  shells,  deposited  in  deep  water  (most  probably  the  equivalents 

of  the  BUck  Shales,  Malvern). 


Elevation  of  Land,  or  Shallowing  of  Sea. 


2.  Coarse  calcareous  grits  and  conglomerate ;  a  littoral  or  shallow 
water  deposit.  

3,  4.  Sandstones,  with  occasional  pebbles,  laminated  in  the  upper 
parts,  and  in  some  locaHties  northwards  with  many  beds  of  shale. 
A  finer  deposit  than  the  last,  and  indicating  a  greater  depth  of 
water.     Fossils  exactly  those  of  Bala. 

5.  Thin-bedded  arenaceous  shales,  with  fewer  fossils,  but  of  the  same 
species ;  Trinucleus  concentricui  veiy  abundant.  A  still  greater 
depth  of  water  is  here  indicated.  (The  higher  part  of  the  Llan- 
deilo  or  Bala  series.)     

Evidence  of  upheaval  and  partial  dislocation. 


6.  A  coarse  deposit  (unconformable  on  Nos.  1  to  5>  in  the  imme- 
diate neighbourhood  of  the  Lonsmynds,  and  derived  from  them 
(in  part  deep  water  around  steep  land,  Forbes).  A  ereat  chanee 
m  the  organic  remains.  The  characteristic  Llandeilo  and  Biua 
fossils  have  given  place  to  a  mixed  series,  including  several  species 
found  in  the  Upper  Llandeilo  flags,  but  with  many  others  more 
characteristic  of  the  Wenlock  limestone. 

7.  Finer  sandstones,  with  much  shale  and  great  abundance  of  Pen- 
tameri,  and  other  Brachiopoda.  Land  gradually  sinking  (Ramsay, 
Greol.  Joum.  vol.ix.  p.  175^.     Fossils  chiefly  Upper  Silurian. 

8.  9.  Grey  and  greeni^  shales,  very  fine  sediment :  deep  water. 
Trilohites,  Graptolites,  and  Cephalopods  abundant.  Fossils  all 
Upper  Silurian. 

Appendix. 

Descriptiam  of  some  of  the  Fossils.     By  J.  W,  Salter,  Esq.  F.G.S. 

Some  of  the  most  characteristic  fossils  mentioned  in  the  above 
lists  are  yet  unpublished ;  it  seems  desirable  therefore  to  give  their 
characters  in  brief. 

1.  Belleropuon  nodosus,  Salter. 

B.  omatus,  M*Coy,  Syn.  Woodw.  Foss.  310. 

B.  vix  uDcialis,  anfiraetibus  3,  subangulatis,  costatis.  Apertura  lata,  sub- 
rbombica,  fade  umbilicali  planatS,  qukm  exteriori  rotundatd  breriore. 
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Costae  rotandatoy  retaror8ie>  fer^  ad  carinatn  obtosam  ductae,  et  &ciem 
umbilicalem  attingentes ;  strue  accretionis  primum  rectos  reticulatae, 
deinde  una  cum  costis  retroflexse,  crenulatse. 

I  should  have  thought,  with  Prof.  M^Goy,  that  this  was  Cyrto- 
litea  omatus,  Conrad ;  but  in  Hall's  figure,  and  in  specimens  from 
New  York,  the  lines  of  growth  are  direct  across.  In  that  species, 
too,  the  umbiHcus  has  a  sharper  edge,  and  the  plaits  do  not  go  at  all 
within  it.    B.  nodomu  is  sometimes  as  large  as  the  American  species. 

Localities,  Llandeilo  and  Bala  rocks'; — S.  of  Llangollen;  Bedd- 
gelert ;  Llanfyllin ;  Hope  Bowdler,  Shropshire  ;  in  beds  "3"  of  sec- 
tion, p.  64. 

2.  Bellerophon  (Bucania)  sulcatinus,  Emmons  7 
(HaU,  Pal.  New  York,  Part  1.  t.  6.  f.  10?) 

B.  uncialis  et  ultra,  convolutus,  anfractibus  a  dorso  convexiusculo  depressis, 
striatis.  Carina  lata,  plana,  (sublievis?)  marginata,  vix  elevata.  Striae 
ooncentriese  fortes,  cirdter  10  (ad  carinam  ssepissime  interstriatie  et  in 
setate  plurimae),  a  lineis  crebris  valde  reflexis  undique  decussatae.  Aper- 
tura  lata,  expansa,  sinu  profimdo. 

This  yery  beautiful  shell  differs  from  B.  sulcatinus,  as  figured  bj 
Hall,  in  having  regular  ribs  towards  the  angular  edge,  which  become 
interlined  and  form  a  broad  band  of  close  striae  as  the  shell  grows 
older.  The  umbilical  face,  too,  is  free  from  ribs,  which  I  have  some 
reason  to  think  is  not  the  case  with  B.  sulcatinus.  The  striae,  too, 
on  that  shell,  appear  to  meet  at  a  very  much  more  obtuse  angle  than  in 
ours.  It  should  be  called  B.  lingualisy  if  the  above  characters  are 
sufficient  to  separate  it.^    It  must  have  been  a  very  thin  shell. 

Bellerophon  acutus,  Sow.,  appears  to  be  quite  a  distinct  species 
from  the  B.  earinatus,  Sow.  It  has  a  very  acute  keel,  and  flat, 
almost  excavated,  sides,  strongly  striated;  the  umbiUcus  is  very 
hu^,  and  sharp-edged.  Now  that  good  specimens  are  obtained  firom 
Horderley  (with  the  species  above  described),  it  is  dear  that  the 
Ayrshire  shell  figured  under  this  name  in  the  Quart.  Greol.  Jonm. 
vol.  vii.  PI.  9.  f.  18.  is  distinct.  It  has  a  small  umbilicus  with  a 
rounded  edge,  and  the  sides  are  comparatively  convex.  It  may, 
however,  be  a  variety  of  B,  earinatus. 

In  upper  part  of  beds  "  4"  of  section,  pp.  64,  67. 

3.  Strophomena  bipartita,  n.  sp. 

S.  semiovalis,  radiatim  crebnstriata,  an^ulis  baud  extensis.  Striae  aequales 
costis  prominulis  (nisi  in  areis  cardinalibus)  interruptae,  costH  mediani 
maximft  elevat&  in  duas  partes  testam  dividente.  Testa  undique  lineis 
concentricis  omata,  margme  cardinali  saepe  corrugato.  Yalva  ventralis 
lente  convexa,  intra  lamellis  brevibus  ad  angulum  90^  divaricatis,  areA 
angu8ti88im&.  Altera  plana  (costis  minus  conspicuis)  dentibus  extemit 
dii^ctis  ad  anffulum  80^  divergentibus :  dentes  intemi  (fulcrum  cardi- 
nale)  duo,  paraBeli,  angustissimi,  extemis  breviores.  Long,  unc  1,  lat. 
unc.  1^. 

The  striation  of  this  flattened  shell  is.  a  good  deal  like  that  of 
S,  grandisy  which,  however,  has  the  dorsal,  not  the  ventral  valve  the 
more  convex ;  the  interior  differs  much.   The  remarkable  central  ridge. 
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•0  well  as  the  regular  sorface  and  distant  ribs»  distingciish  it  from 
the  S.  eancenirica  of  Portlock^  a  fine  species,  which  occurs  also  in 
the  Horderley  section,  and  which  from  good  specimens  I  find  to  be 
truly  distinct  from  S,  eampressa  of  the  Caradoc  sandstone. 

Localities.  Near  Hope  Bowdler  and  Cheney  Longville,  abundant 
in  the  thin  flags  (4)  of  the  Horderley  section. 

4.    NUCULA  VARICOSAf  U.  Sp. 

N.  deltoidea,  subaequilateralis,  utraque  rotuiidata.  Umbo  subcentralis,  ele- 
Tatus,  falcatus,  lunulam  excavatam  imminens.  Margo  anticus  cardinis 
arcuatus ;  margo  ventralis  convexus.  Testa  supra  medium  modied  con- 
▼exa  nee  gibba,  Isvis,  nisi  sulcis  5-8  concentricis  ^radatis  exarata.  Sulci 
aut  yarices  in  juvene  remoti,  ad  marginem  gradatim  approximatL  Long. 
Hn.  4,  lat.  4. 

This  pretty  species  is  unlike  any  other  palaeozoic  Nueula  with 
which  I  am  acquainted,  by  the  few  sharp  concentric  lines,  or  rather 
steps,  of  growth,  which  are  more  approximate  in  the  older  parts  of 
the  shell.  It  is  most  abundant  in  the  Bala  rocks,  and  has  been  re- 
ferred by  Prof.  M'Coy  to  the  N,  levata.  Hall,  which  has  only  faint 
ooDcentric  lines  of  growth,  a  pointed  anterior  side,  and  a  much  less 
prominent  beak.     We  have  never  seen  it  from  the  Upper  Silurian. 

LoeaUtie9,  Fine  specimens  occur  in  the  uppermost  calcareous 
beds  of  No.  4  of  the  above  section ; — Onny  Raver ;  at  Acton  Scott ; 
Ticklerton,  &c.    Also  Bala ;  Conway  Falls,  &c..  North  Wales. 


On  the  Structure  of  the  Strata  between  the  London  Clay  and 
the  Chalk  in  the  London  and  Hampshire  Tertiary  Systems. 
By  Joseph  Prestwich,  Jun.,  Esq.,  F.R.S.,  F.G.S. 

Part  II. — ^The  Woolwich  and  Reading  Series. 

[PLAT«g  I.  n.  III.  IV.] 

[Read  May  18, 1853.  For  the  other  Communicatioiis  read  at  this  ETening  Meeting 
tee  Quart  Jooni.  Geol.  Soc.  toL  ix.  p.  274.] 

On  two  fonner  occasions  I  have  given  some  account  of  the  de- 
posit immediately  underlying  the  London  Clay,  as  well  as  of  that 
which,  to  the  eastward  of  London,  lies  upon  the  Chalk,  and  which  I 
have  respectively  termed  the  "  Basement  Bed  of  the  London 
Clay*"  and  the  "Thanet  SANDsf."  Between  these  divisions, 
which  form  the  upper  and  lower  portions  of  the  Lower  London 
TertiarieSf  is  a  group  of  sands,  pebble  beds,  and  mottled  days, 
extending  from  Smdwich  to  Marlborough  and  from  Newhaven  to 
Dorchester.  This  group,  with  the  two  above-mentioned,  completes 
the  series  of  these  Lower  Tertiaries,  and  is  the  one  which  more 
particularly  embraces  the  beds  which  have  hitherto  been  described 
as  the  **  Plastic  Clay  Formation,'*  exhibiting  in  one  part  of  its  range 
the  mottled  clays  of  Beading  and  Newbu^,  and,  in  another,  the 
days  and  sands,  with  fluviatile  and  aestuarine  shells,  of  New  Cross, 

*  Quart.  Journ.  GeoL  Soc  voL  vi.  p.  252.  f  Ibid.  vol.  Tiii.  p.  235. 
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Woolwich,  and  Bromley.  Some  of  the  principal  sections  in  these 
localities  have  been  described  by  Parkinson*,  Webster f.  Dr.  Back- 
land^,  Phillips  and  Conybeare§,  Morris  ||,  Mitchell**,  Richardsonftt 
Warburton  JJ,  and  more  recently  by  the  Rev.  Mr.  De  la  Condamine§$; 
whilst  outlines  of  some  miderground  sections  have  been  planned  by 
Mr.  R.  W.  Mylnellll,  and  a  short  notice  relating  to  the  superposition 
of  these  and  the  other  Tertiary  strata  has  lately  been  given  by  M. 
H&ert***.  But  nevertheless  the  correlation  of  the  oeds  at  the 
different  sections  has  not,  I  conceive,  been  correctly  shown,  and  the 
position  which  the  strata  of  the  Reculvers  and  Heme  Bay  hold  with 
respect  to  those  of  Woolwich  and  Reading  yet  remains  unsettled.  At 
the  same  time,  the  lists  of  fossils  even  at  the  several  best-known  and 
often-explored  localities  admit  of  many  additions  and  corrections. 
From  the  very  circumstance  of  the  band  of  green  sand  with  the  Otf- 
trea  Bellovacinaf'which  underties  the  mottled  clays  at  Reading,  having 
been  referred  to  the  band  of  green  sand  at  the  base  of  the  Thanet 
Sands  at  Woolwich,  and  which  likewise  reposes  upon  the  Chalk,  it 
has  had  a  tendency  to  place  the  Mottled  Clays  too  low  with  respect 
to  the  fluviatile  beds  of  Woolwich,  and  rather  to  correlate  these  latter 
with  the  Basement  Bed  of  the  London  Clay  at  Reading.  There  was 
however  another  reason  for  this  arrangement,  inasmuch  as  in  the 
sections  at  Blackheath,  and  elsewhere  near  London  where  the  mot- 
tled clays  show  themselves,  these  latter  underlie  the  Woolwich  shelly 
clays  ;  but,  as  will  be  shown  further  on,  this  relative  position  is  not 
permanent,  for  another  and  larger  portion  of  the  ''  mottled  clavs*' 
set  in  upon  these  Woolwich  beds  as  they  trend  westward  from  London. 

It  has  been  shown  in  my  previous  Papers  that  both  the  "  Basement 
Bed  of  the  London  Clay  '^  and  the  '<  Thanet  Sands  "  are  respectively 
nearly  uniform  in  their  lithological  and  palseontological  characters 
(when  fossiliferous)  throughout  their  entire  ranse — the  former  being 
coextensive  with  the  London  Clay  itself,  whilst  the  latter  extend  only 
from  the  Isle  of  Thanet  to  a  short  distance  westward  of  London — and 
that  both  are  essentially  of  marine  origin. 

The  middle  division  of  the  Lower  Tertiaries,  of  which  it  now  re- 
mains to  treat,  is,  on  the  contrary,  in  different  areas  so  verjr  different 
in  its  hthological  structure  and  in  its  organic  remains,  that  it  presents 
one  of  those  cases  where  the  evidence  of  superposition  is  indispensable. 
Were  it  not  for  the  well-marked  horizons  afforded  bv  the  upper  and 
lower  divisions,  which  confine  thb  group  within  distinct  limits,  it 
would  in  fact  often  be  difficult  or  rather  impossible  to  identify  its 
synchronous  beds,  when  viewed  in  detached  sections,  either  by  their 

*  Organic  Remains,  vol.iii.  p.  171,  and  Trans.  Geol.  Soc.  2nd  ser.  voL  iii.  p.  212. 

t  Trans.  Geol.  Soc  vol.  ii.  p.  196.  J  Ibid,  vol  iv.  p.  277. 

§  Geology  of  England,  pp.  24-26  and  37-52. 

II  Mag.  Nat.  Hist.  June  1835,  p.  356,  and  Proc.  Geol.  Soc.  vol.  ii.  p.  450, 1837. 

•♦  Proc.  Geol.  Soc.  vol.  i.  p.  482 ;  vol.  ii.  p.  551 ;  vol.  iii.  p.  131. 

ft  Ibid.  vol.  ii.  pp.  78,  222,  449 ;  Trans.  Geol.  Soc  vol.  vi.  p.  21 1. 

tX  Quart.  Joum.  Geol.  Soc  voL  i.  p.  172 ;  Trans.  Geol.  Soc  2nd  ser.  vol.  i.  p.  52. 

$§  Quart.  Joum.  Geol.  Soc.  vol.  vi.  p.  440. 

nil  Sections  of  the  London  Strata. 

**♦  Bulletin,  Soc  G^L  de  France,  2nd  ser.  vol.  ix.  p.  350. 
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mineral  or  palseontological  characters  alone.  It  is  this  feature  which 
forms  one  of  the  chief  points  of  interest  of  the  group,  for  if  it  is  im- 
portant to  identify  strata  hy  their  organic  remams  or  hy  their  litho- 
logical  structure,  it  is  not  less  so  to  trace  the  changes  of  composition 
which  can  occur  in  strata  on  the  same  plane,  to  note  the  modifications 
io  the  fauna  hy  which  such  changes  are  accompanied,  and  to  deter- 
mine the  limits  to  which  the  variations  may  extend.  The  case  now 
before  us  is,  so  far  as  it  regards  the  dimensions  of  the  deposit  itself, 
one  comparatively  of  small  importance,  hut  it  is  valuahle  firom  the 
clear  ana  unmistakeahle  testimony  which  it  affords  on  these  points. 
It  was  the  extremely  variahle  character  of  this  group,  which  putting 
OD  occasionally  the  appearance  of  the  group  heneath,  and  at  other 
times  assuming  the  character  of  the  one  above  it,  that  led  to  the  im- 
pression of  a  want  of  order  and  of  irregularly  recurring  strata  through- 
out the  whole  of  the  Lower  Tertiaries.  So  deceptive,  indeed,  are 
these  common  points  of  structure,  that  it  is  only  lately  that  I  have 
been  able  to  satisfy  myself  that  these  changes  are  confined  essentiaUy 
to  one  portion  o^  the  series,  and  that  one  restricted  to  the  limits  of 
the  miadle  division,  and  that  strata  so  ver^  dissimilar  are  really 
eqimvalent.  This  ooce  determined,  and  havmg  eliminated  the  two 
more  uniform  groups,  it  becomes  apparent  that  there  is  in  the 
"  Lower  London  Tertiaries  "  a  defined  order  of  superposition  formed 
of  Uiree  distinct  and  independent  groups  of  strata. 

At  the  same  time  there  cannot  well  be  strata  varying  more  in  ap- 
pearance and  character  than  we  find  forming  this  series  in  the  sepa- 
nUe  sections  at  Reading,  Deptford,  Blackheath,  and  Heme  Bay ;  by 
truang  the  group  at  short  intervals  it  is  seen  that  it  is  by  actual  altera- 
tion in  some  of  its  beds,  effected  as  they  range  from  west  to  east,  as 
moch  as  by  the  thinning  out  of  others,  that  these  changes  are  pro- 
duced. The  strata  are,  in  fact,  on  the  same  horizon  and  clearly  syncnro- 
Dous  (see  PL  I.  Biae.  A  &  C).  Under  these  circumstances  t£iere  are 
objections  to  giving  uus  division  a  simple  designation  dependent  either 
on  mineral  character  or  on  place,  for  the  former  is  constantly  varying, 
and  the  type  of  the  series  in  one  district  may  be  entirely  different 
in  another.  Still  a  name  taken  from  some  well-known  place  is  probably 
the  least  objectionable,  or  rather  the  more  convenient,  and  I  puipose 
therefore  to  term  this  division  the  *'  Woolwich  and  Reading  senes," 
as  the  two  principal  forms  of  structure  are  well  exhibited  in  the  sec- 
tions at  ana  around  these  localities*.  I  shall,  however,  in  speaking 
of  this  group,  sometimes  use  the  name  of  that  locahty  only,  to  the 
particular  characters  of  which  the  observations  may  have  reference. 

The  grouping  of  the  "  Lower  Loudon  Tertiaries*'  will  therefore 
stand  thus : — 

I.  The  Basement-bed  of  the  London  Clay. 
II.  The  Woolwich  and  Reading  Series. 
III.  The  Thanet  Sands. 


*  The  Woolwich  section  has  the  inconvenience  of  exposing  the  three  divisions 
of  the  ••  Lower  London  Tertiaries  "  together.  The  term  applies  only  to  the  middle 
part  of  the  section  (see  PI.  I.  Diag.  A.  Loc.  sect.  25). 
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The  series  of  local  sectioiis  fbnning  the  diagrams  A,  B,  &  C,  PI.  I. 
have  heen  arranged  with  a  view  to  diavr  the  origmal  structure  and 
sequence  of  the  beds  of  the  Woolwich  and  Reading  series,  and  of  the 
other  two  divisions  of  the  Lower  London  Tertiaries  at  the  commence- 
ment of  the  London  Clay  period,  as  also  to  prove  the  correlation  of  the 
strata,  and  to  render  apparent  the  remarkable  changes  of  lithological 
character  which  the  strata  undergo  in  their  range  m>m  Wiltshire  to 
the  coast  of  Kent.  These  sections  are  either  described  in  the  text, 
or  in  the  explanation  of  plates ;  whilst  a  few  others,  which  possess 
features  which  those  sections  do  not  embrace,  are  given  in  separate 
figures. 

§  I .  Range  and  General  Physical  Features  of  the  "  Woolwich  and 
Reading  series,*^ 

Throughout  the  Isle  of  Wight  and  the  western  portion  of  the 
London  Tertiary  district,  this  middle  group  consists  of  unfossiliferous 
mottled  clays  passing  into  or  alternating  with  non-persistent  sands : 
as  it  approaches  near  to  London,  strata  of  laminated  and  carbonaceous 
days,  sands  more  calcareous,  and  thick  shingle  beds  of  flint  pebbles^ 
with  fluviatile  and  aestuarine  shells,  set  in  and  replace  the  motded 
clays.  Following  the  group  still  further  eastward  we  find  it  gra- 
dually becoming  less  pebbly  and  argillaceous,  and  at  last  passii^  en- 
tirely into  light-coloured  pure  quartz  ose  sands  mixed  witn  more  or 
less  green  sand,  and  containing  in  its  extreme  eastern  range  a  distinct^ 
marine  fauna.  Viewed  horizontally  this  middle  division  may  there- 
fore be  divided  into  three  distinct  areas  of — 

W.  C.  B. 

Sandi  and  Mottled  Cltji.  PebUe  beda,  Sandi,  and  Qnartsoae  and  Olaneom- 

{Reoding  and   the  Me   9f  Laminated  Clays.  feroua  Sanda. 

Wight,)  (Woohneh,  Bimekkeutk,  and  {Berne Ba^ and  Camtct^mg.) 

Bromleif') 

These  lithological  changes  are  effected  in  an  east  and  west  direction 
in  both  the  London  and  the  Hampshire  districts.  Li  the  latter, 
the  last  (E.)  form  of  structure  is  only  partially  developed.  It  exists  a 
few  miles  east  of  Newhaven,  and,  witn  the  second,  is  well  exhibited 
in  an  outlier  on  the  coast  three-quarters  of  a  mile  south  of  that  town. 
The  latter  shows  again  at  the  west  of  Brighton,  but  there  merges 
into  the  first  (W.)  form,  which  is  continued  by  Lancing  and  Arundel  to 
Bodey  near  Winchester,  in  a  narrow  belt  marked  by  its  generally 
weUrWooded  surface,  and  by  a  succession  of  villages.  These  beds  then 
pass  two  miles  south  of  Salisbury,  thence  a  few  miles  north  of  Ware- 
ham  to  near  Dorchester,  becoming  more  sandy  as  they  proceed  west- 
ward. Returning  along  their  southern  outcrop  they  pass  by  Lul- 
worth  to  Studland,  and  in  the  Isle  of  Wight  range,  as  is  well 
known,  through  the  centre  of  the  island  from  Alum  Bay  to  White 
Cliff  Bay. 

Throughout  its  northern  range  this  division  only  occasionally  pre- 
sents any  marked  surface-features,  and  the  sections  are  small,  indi- 
stinct, and  far  apart.  On  its  interrupted  southern  outcrop  the  ver- 
tical position  of  the  strata  restricts  them  to  within  so  narrow  a  band, 
that  they  can  rarely  be  seen  except  in  the  coast  sections. 
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Of  the  connection  existing  at  this  period  between  the  Hampshire 
Old  London  Tertiary  districts  there  are  few  remaining  traces :  only 
here  and  there  on  the  broad  chalk  tract  a  hill  higher  than  usual  may 
be  found  capped  by  some  of  the  lower  tertiary  beds,  which  resume 
their  rai^  in  the  London  Tertiary  district  at  Marlborough  Forest. 
The  greater  part  of  these  fine  woods  are  planted  on  a  thin  and  irre- 
golar  capping  of  the  clays  and  pebble  beds*  on  the  Chalk.  The 
tertiary  strata  here  attain  a  height  of  600  to  700  feet  above  the 
lerel  of  the  sea  and  form  a  narrow  zone,  which  gradually  expands 
as  it  trends  eastward  and  falls  to  a  lower  lerel.  At  a  short  distance 
£.S.£.  of  this  Forest  the  d^k  attains,  on  the  downs  above  Inkpen  to 
H^hclerc,  its  greatest  lieight,  reaching  at  the  former  place  an  alti- 
tu<k  of  1 0 1 1  feet.  The  view  from  the  fine  open  ridges  of  downs  over  the 
well-wooded,  broken,  tertiary  lowlands,  which,  commencing  abruptly 
at  their  base,  stretches  in  an  apparent  plain  far  to  the  eastward,  is  one 
of  considerable  beauty.  In  this  part  of  the  district  the  sands  and 
mottled  days  form  a  large  portion  of  the  surface,  and  appear  pecu- 
Hai^  fiivourable  to  the  growth  of  timber  trees.  At  a  short  distance 
farther  eastward  the  London  Clay  commences  and  the  Bagshot  Sands 
almost  immediately  follow,  the  latter  forming  more  open  tracts  of 
heath  and  common. 

Along  their  northern  boundary  the  ''sands  and  mottled  days"  rise 
at  a  verv  gentle  angle,  and  cover  a  considerable  extent  of  ground  on 
the  chalk  hills  to  the  north  of  Newbury,  and  thence  by  Pangboume, 
Reading  and  Sonning  to  Twvford,  Maidenhead,  and  Taplow,  where 
a  further  expansion  of  them  rorms  the  picturesque  district  known  as 
the  Bumham  Beeches.  The  chalk  hiUs  which  bound  the  tertiary 
area  on  the  north,  unlike  the  chalk  of  Salisbury  Plains,  present  but  a 
small  extent  of  open  downs,  and  are  well-wooded  on  their  summits ; 
this  arises  in  part  from  a  covering  of  clay  drift  and  in  part  from  thin 
cappings  of  the  lower  tertiary  ^ds,  the  latter  being  especiallv  fre- 
quent to  the  north  and  north-west  of  Readii^  and  a^dn  around  Bea- 
consfield,  Penn,  and  Amersham.  They  are  luso  found  to  some  extent 
near  St.  Albans,  Welwyn,  and  to  the  north  of  Hertford,  and  between 
Ware  and  Bishop  Stomord.  Eastward  of  this  latter  place  the  mot- 
tled davs  are  less  important,  and  at  the  same  time  the  lower  ter- 
tiaries  become  confined  to  a  narrow  belt,  owing  to  which  condition, 
and  the  spread  of  the  Boulder-clay  drift  over  so  much  of  North  Essex, 
Uiese  beds  rarely  present  in  this  part  of  their  course  any  marked  fea- 
tures of  surface. 

The  southern  outcrop  of  these  strata,  in  consequence  of  the  steep 
an^e  at  which  they  nse,  is  very  narrow, — a  feature  persistently 
maintained  from  the  neighbourhood  of  Inkpen,  by  Kingsclere,  Old 
Basing,  Famham,and  Guildford,  to  Croydon,  along  which  line  of  coun- 
try the  "sands  and  mottled  clays"  form  a  belt  generally  from  50  to  200 
yards  broad,  rarelv  exceeding  a  breadth  of  a  quarter  of  a  mile,  and  only 
occasionally  shoeing  any  discernible  independent  character  of  surface. 
As  this  group,  however,  from  its  composite  character  of  sands  and 
days,  presents  a  more  yielding  surface  than  the  homogeneous  mass  of 
*  Including  tlto  a  clay  and  g;ravel  drift. 
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London  clay  which  sacceeds  and  reposes  upon  it,  or  the  chalk  which 
rises  from  beneath  it,  its  line  of  oatcrop  is  not  unfrequentlj  marked 
by  a  narrow  and  shallow  depression  between  the  chalk  and  the  Lon- 
don clay,  as  at  Old  Basing,  Guildford,  and  Sutton ;  but  in  other 
places,  the  chalk,  lower  tertiaries,  and  London  clay  form  one  con- 
tinuous slope  or  nearly  continuous  surface  falling  more  or  less  rapidly 
from  the  former  to  the  latter,  as  at  Itchingwell,  Ewell,  and  Carshalton. 

Eastward  of  Croydon  the  middle  division  of  the  Lower  Tertiaries 
changes  its  character,  the  mottled  clays  gradually  thinning  out,  and 
great  masses  of  pebbly  sands  setting  in  in  their  place,  together  with 
clays  containing  fluviatile  and  sestuarine  shells.  At  the  same  time 
the  Thanet  Sands  develope  themselves,  and  the  basement-bed  of  the 
London  Clay  becomes  thicker.  In  consequence  of  this  increased  im- 
portance of  the  Lower  Tertiaries,  and  of  the  decreasing  dip  of  the 
strata,  this  series  suddenly  expands  and  forms  that  varied  and  most 
agreeable  tract  of  country  extending  from  the  Addington  Hills  to 
Bromley,  Chiselhurst,  Blackheath,  and  Greenwich,  and  eastward  to 
Bexley  and  Famingham:  in  the  latter  neighbourhood  these  beds 
merely  cap  the  chalk  hills  between  the  valleys  of  the  Cray  and  the 
Darent. 

Eastward  of  this  district  the  tertiary  beds  are  more  confined  to  the 
higher  grounds,  as  to  the  Swanscombe  Hills,  Windmill* Hill  near 
Gravesend,  and  the  hills  of  Cobham  and  Shome,  in  all  of  which  the 
beds  of  shellv  clays  form  a  constant  feature.  On  the  banks  of  the 
Medway,  below  llochester,  these  beds  dip  northward  beneath  the 
London  day.  Continuing  however  further  eastward  this  series  gra- 
dually passes,  apparently  entirely,  into  a  light-coloured  quartzose 
sand  with  more  or  less  green  sand,  which  crops  out  in  the  low  ground 
at  the  foot  of  the  chalk  hills  between  Chatham  and  Faversham.  It 
forms  a  broader  belt  by  Boughton,  Canterbury,  and  between  that  city 
and  Sandwich,  presenting  sometimes  a  rather  barren  sandy  surface ; 
but  it  is  in  eenend  too  dosely  assodated  with  the  Thanet  Sands,  or 
covered  by  drift,  to  exhibit  any  independent  surface-features. 

§  2.  Details  of  Structure  and  Local  Sections. 

Hampshire  District. — ^At  the  southern  extremity  of  the  vertical 
tertiary  strata  at  White  Cliff  and  Alum  Bays  in  the  Isle  of  Wight, 
i|nd  immediately  adjacent  to  the  chalk,  is  a  fine  massive  deposit  of 
bright-coloured  tenadous  mottled  clays.  Their  prevailing  colour  is 
blood-red,  especially  at  White  CUff  Bay ;  but  the  roi^h  indistinct 
beds  into  which  this  mass  is  divisible  in  Alum  Bay,  exhibit  mixtures, 
some  of  light  bluish  grey  and  yellow,  others  of  light  and  dark  slate 
colour,  of  lavender,  puce,  and  yellow,  or  brown  and  yellow.  The 
tints  are  generally  dark  and  the  colours  bright.  These  beds  contain 
no  animal  remains,  and  mere  traces  of  vegetable  remains  in  the  shape 
of  small  pieces  and  fragments  of  carbonized  wood.  They  are  almost 
free  from  any  admixture  of  sand,  and  altogether  their  structure,  for 
a  deposit  so  variable  as  this  shows  itself  elsewhere,  is  compact  and 
homogeneous. 
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The  en^re  space  between  the  London  day  and  the  Chalk  in  the 
Isle  of  HHght,  Tarying  from  90  to  140  feet,  is  occupied  by  this  mass 
of  daj,  with  the  exception  of  an  inr^nlar  bed  of  2  to  4  feet  of  sand 
abcnre  and  as  mach  below  it  *  ;  the  Basement-bed  of  the  London 
day  listing  here  in  a  mere  rudimentary  state,  while  the  Thanet 
Sands  are  wantmg.  This*  locality  presents,  in  fact,  the  peculiar 
mottled  argillaceous  structure  of  the  Heading  series  in  its  greatest  and 
most  exdusire  development,  being  in  fact  aunost  as  compact  and  im- 
permeable as  the  London  clay  itself f. 

Proceeding  from  this  centre  either  westward  or  eastward,  consider- 
able changes  take  place  in  these  strata.  In  the  former  direction  we 
pass  from  the  Isle  of  Wight  over  to  Studland  Bay^,  where  mottled 
days  of  a  rather  light  colour  appear  to  succeed  to  the  chalk,  but  the 
section  is  too  obscure  to  determine  the  exact  dimensions  and  super- 
position of  the  beds :  they  seem  to  be  thinner  and  more  sandy.  Be- 
tween this  point  and  Lulworth  Castle  I  am  not  aware  that  any  sec- 
tions of  these  beds  are  exposed}.  At  Lulworth  there  is  a  small 
section  in  the  Park  of  light  mottled  red  clays  and  some  pebble  beds 
oferlying  the  chalk. 

Proceeding  toward  Dorchester,  the  mottled  red  days  almost 
disappear,  and  are  replaced  by  coarse  sands,  irr^ular  pebble  and 
shing^  beds,  and  whitish  clays.  Two  miles  from  this  town  towards 
Wareham,  the  road  cuttings  on  the  hill  show  the  chalk  capped  by  a 
few  feet  of  tertiary  beds,  consisting  first  of  brown  ferruginous  clay, 
with  light  brown-coated  unrolled  lints,  covered  by  a  bed  of  small 
pebbles,  succeeded  by  brown  clay,  coarse  sand,  another  fine  conglo- 
merate, and  then  mottled  day.  ^e  whole  is  not  above  10  to  12  feet 
thick,  and  fills  up  a  very  irregular  and  deeply  indented  surface  of  the 
chalk  p.  About  a  mile  further,  near  Little  Maine,  the  chalk  is  over- 
laid by  sands,  which  in  one  place  are  concreted  into  large  blocks  of 
sandstone, — ^the  ordinary  Dniid  sandstone.  In  a  field  adjoining  the 
road  there  is  a  complete  nest  of  them,  fifteen  to  twenty  m  number, 
and  varying  in  size  from  2  to  6  feet  in  diameter.  Westward  of  this 
locality  there  are  several  outHers  of  these  lowest  tertiary  beds,  which 
continue  to  show  an  increasing  conglomerate  character,  the  sands 
becoming  coarser  and  the  days  whiter  and  mixed  with  pebbles  and 

*  Quart.  Jonni.  GeoL  Soc  vol  it  pp.  255  &  259,  and  PI.  IX.  strtt.  <<  b." 

t  In  nnkiog  one  Artesian  well  at  Portsmouth,  a  water-bearing  sand  bed  was 

met  with  in  tUs  series ;  whereas  in  another  well  sunk  at  a  short  distance  firom 

die  firtt,  the  entire  space  between  the  London  clay  and  the  Chalk  was  occupied 

with  a  solid  and  compact  mass  of  mottled  days  without  a  seam  of  sand,  and  oon- 

Tsntly  without  water. 
Fdr  particulars  of  this  section,  and  various  points  connected  with  the  ter- 
tiary aedk>gy  of  this  district,  see  a  paper  by  the  Rev.  W.  B.  Clarke  in  the  Mag. 
Hal.  Hist,  new  ser.  vol.  iii.  p.  390. 

I  The  days  near  Corfe  are,  I  believe,  higher  in  the  series,  and  belong  to  the 
Bagsbot  Sands.  They  are  brought  by  the  disturbances  affecting  that  district  into 
doae  prosimity  to  the  Chalk. 

I  This  section  is,  however,  rather  problematicaL  The  conglomerate  contains 
p^blcs  apparently  of  the  palsroasoic  rocks.  The  whole  district  requires  a  doser 
examination.  For  a  description  of  some  Tertiary  outliers  to  the  west  of  Dorchester 
see  Dr.  Bnckland  and  Sir  H.  De  k  Beche,  in  Trans.  Geol.  Soc.  2nd  Ser.  vol.  iv.  p.  4. 
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flints,  the  latter  large  and  often  but  little  rolled.  The  whole  mass  be- 
comes also  more  irregular  and  variable,  which,  with  its  more  shingly 
and  coarser  character,  indicates  a  nearer  approach  to  the  source  from 
whence  these  portions  of  the  materials  of  uns  division  of  the  Lower 
Tertiaries  were  derived.  The  exhibition,  however,  of  these  Lower 
Tertiaries  throughout  this  district  is  very  imperfect  and  unsatisfiMS- 

tory  *. 

If  n9W  we  proceed  northward  from  the  Isle  of  Wight,  we  find  that 
beneath  Southampton  the  beds  between  the  London  day  and  the 
Chalk  consist  essentially  of  mottled  days  about  80  feet  thick  f.  At 
Fareham  the  railway  cutting  exposed  a  good  section  of  bright  red 
mottled  clays  and  the  London  cky  with  its  fossiliferous  Basement-bed 
above  them.  At  the  outcrop  of  this  group  at  Kembridge,  between 
Romney  and  Salisbury,  we  find  the  only  instance  I  am  acquainted  with 
in  the  Hampshire  Tertiary  district  of  a  character  common  to  these  beds 
in  the  western  part  of  the  London  district,  vii.  the  occurrence  of  a 
band  of  the  "  Ostrea  Bellovacina  "  in  a  bed  of  greenish  sand  imme- 
diately over  the  chalk  and  beneath  the  mottled  clavs  J.  The  follow- 
ing is  the  section  taken  from  my  former  paper  (Joum.  Geol.  Soc. 
vol.  iii.  p.  3fi0)  :— 

Fig.  1. — Railway-cuttingy  Kembridge. 


* .. — ^^^ ^ -*^«--a— «a-.o — o    *^ ->-       \ 


Feet. 

1.  Flint-gravel    2  to  8 

b.  Mottled  red,  grey,  and  yellow  clays 15 

a.  Clayey  yellow  or  greenish  sand,  with  an  underlie  of  the  Ottrea  BeOopoema 

and  green-coated  flints  4 

4.  Chali 6 

At  Clarendon  Hill  the  strata  are  very  similar  to  those  at  Alum 
Bay,  but  they  are  reduced  in  thickness  to  about  45  feet,  and  contain 

*  One  of  the  best  sections  near  Dorchester  is  at  Tellowham  hill,  on  the  Bland- 
ford  road. 

+  The  section  of  these  beds  at  the  Artesian  well  of  Southampton,  as  noted  by 
Mr.  R.  Keele,  is  as  follows : — **  These  mottled  clays  were  remarkable  from  the 
almost  entire  absence  of  sand  or  water  throughout  the  whole  formation.  No 
organic  remains  were  found  or  indications  of  lignite.  The  clay  was  of  extraor- 
dinary purity  and  hardness,  and  of  almost  every  variety  of  colour.  The  last  6  or  8 
feet  of  the  lowest  beds  were  of  less  degree  of  purity,  the  clay  being  mixed  with  a 
coarse  flinty  sand  as  they  approached  the  main  bed  of  chalk ;  the  last  5  feet  of 
the  bed  was  of  a  dark  green  colour,  and  mixed  with  water,  with  black  flint,  pebbles, 
and  very  coarse  sand,  all  strongly  tinted  with  the  dark  green  colour  above-men- 
tioned." 

X  There  is  probably  some  other  locality  near  Salisbury  where  this  shell  occurs, 
as  the  0.  undulata  figured  by  Sowerby  from  the  neighbourhood  of  that  city  is 
apparently  the  O.  BeUonacma  of  the  Tertiary  beds. 
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sereral  subordinate  beds  of  sand.  At  Bisbopstoke,  near  Winchester, 
cm  the  contrary,  the  mottled  clays  have  nearly  disappeared,  and  ap- 
pear to  be  replaced,  in  part  or  wholly,  as  at  Addington  near  Croydon, 
by  sands  and  thick  beds  of  rounded  flint-pebbles  in  yellow  sand.  In 
one  pit  at  Stoke  Common  they  are  12  to  15  feet  tmck,  and  exactly 
resemble  the  shingle  beds  to  the  S.S.E.  and  E.S.E.  of  London. 

Taking  an  easterly  course  from  this  line,  the  mottled  clays  and 
some  associated  pebble  beds  *  range  past  Chichester,  Arundel,  to 
Highdown  hill  near  Worthing,  to  the  north  of  which,  at  the  village 
of  Clapham,  a  thick  stratum  of  small  rounded  flint-pebbles  overhes 
the  days  as  at  Croydon ;  but  whether  these  pebbles  belong  to  the 
Basement-bed  of  the  London  clay  or  to  the  mottled  clay  group,  there 
is  at  present  no  evidence  to  show.  Wick  House  hill  on  the  west  of 
Brighton  is  capped  by  a  few  beds  of  mottled  and  carbonaceous  clay 
reposing  on  sand  over  chalk — the  section  Is  incomplete,  and  no  fossils 
have  b^n  found.  Passing  thence  to  the  detached  outlier  at  New- 
haven,  we  find  a  totallv  difiPerent  group  of  strata ;  a  thick  bed  of 
sand  overlying  the  chalk,  succeeded  by  a  series  of  laminated  grey 
clays  containing  numerous  fluviatile  ana  estuarine  shells. 

Particulars  of  this  section  have  been  given  both  by  Dr.  Mantellf 
and  Dr.  Buckland  %.  Owing  to  the  freouent  fall  of  the  cliffs,  the 
section,  however,  is  constantly  varying.  I  have  never  been  able  to 
see  it  in  perfectly  clear  sequence  ;  but  still,  as  there  are  some  points 
which  I  have  noticed  in  addition  to  those  described  by  former  ob- 
servers, I  herewith  give  a  rough  account  of  the  section,  premising 
at  the  same  time  that,  owing  to  the  impossibihty  of  approaching 
some  parts  of  the  cUff,  it  must  be  considered  only  as  approximative. 

Seetian,  upper  part  of  Cliffy  Castle  Hill,  Newhaven. 

Feet 
Gravel  of  tubangular  flints  and  tertiary  flint-pebbles  in  ochreous  and 

ferruginous  sandy  clay,  averages  about  6 

i.  Grey  day  passing  into  dark  yellow  sand  and  then  again  into  grey  day : 
no  foarils.  [Were  it  not  that  part  of  the  upper  portion  of  this  bed 
presents  a  mottled  red  appearance,  I  should  have  been  disposed  to 
consider  it  as  the  lower  pairt  of  the  London  Clay ;  even  now  I  am  not 
satisfied  but  that  the  small  quantity  of  mottled  day  observed  may 
not  bdong  to  the  overlying  drift,  the  line  of  separation  being  at  that 

spot  perfectly  indistinct  and  very  irregular.]     12 

JL  Round  flint-pebbles  in  grey  day  and  yellow  sand  (Bcbed  L.  C.  ?)    ...        1 

ff.  Laminated  grey  day  with  seams  of  yellow  and  ferruginous  sand    8 

y.  Mwa  ci  concTtied  oyster  rock  (Ostrea  Beliovacina) 2 

e.  Layers  of  comminuted  shells,  yellow  sands,  grey  clays  with  well-pre- 
served sheUs,  and  with  an  intermediate  bed  of  grey  clayey  sand 6 

d.  Ydlow,  light  brown,  and  red  sand  in  layers,  with  seams  of  laminated 

grey  clay — traces  of  vegetable  matter    5 

Carry  forward 40 

*  It  is  uncertain  whether  these  beds  are  continuous  or  not  between  Botley  and 
Clapham. 

t  "  On  the  Geological  Structure  of  Sussex/'  and  Trans.  Geol.  Soc  2nd  Ser. 
voL  iiL  p.  204. 

t  Trans.  GeoL  Soc  vol  iv.  p.  296. 
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Feet. 

Brongfat  forward 40 

e,  Dtrk  grey  Uunintted  cltys,  tometimet  fossiliferous,  with  thin  layers  of 
ironstone — vegetable  impressions,  and  an  underiie  of  fermginons  and 

carbonaceous  clay — sdenite  common 20  ? 

i.  White  sand  2  feet,  to  which  succeeds  ochreous  sand  1  to  2  feet,  pass- 
ing down  into  light  greenish  sand*  :  no  fossils 25  ? 

0.  Green  and  ferruginoos-coated  flints  in  greenish  sandf    2 

CItftt  io  b<ue  qfdif.  87 

The  organic  remains  I  have  found  in  this  section  are  as  follows : — 

Cyrena  cnneiformis,  FA',  Melanopsis  buccinoides,  P^. 

——intermedia,  MeiL  ?  Ostrea  Bellovacina,  Deih, 

Cerithiom  TariabUe,  Deth,  Psammobia  Condamini,  Mor. 

Dreissena  serrata,  MeH  ?  Unio. 

Hydrobia  Parkinsoni,  Mor.  ?  Cypris  ? 

Melania  inquinata,  Des A. 

Leaves  of  pUnts  figured  by  Dr.  ManteQ  (in  Stratum  c). 

Dr.  ManteQ  also  mentions  the  occurrence  of  the  Avieula  media,  Sow.,  HeUx  ktvit, 
Flem.,  and  Cytherea  eotwexa,  Brong.  Oprobably  the  Drei$tena,  Hydrodia^  and  Cy- 
rena emutfmrmii  of  the  above  list),  and  Fish-teeth  resembling  those  of  the  Mostdns. 

In  addition  to  these  there  are  in  the  collection  of  the  Geological  Society  some 
curious  specimens,  apparently  of  cones  and  seed-vessels,  found  by  Mr.  Warborton. 
These  beds  require  further  investigation. 

In  consequence  of  this  being  a  distant  outlier,  and  of  the  absence 
therefore  of  connecting  links,  the  relation  of  these  fossiliferous  grey 
clays  and  thick  beds  of  sand  to  the  mottled  red  clays  of  the  Isle  of 
Wiffht  is  not  readily  apparent.  That  they  are  in  redity  synchronous 
will  be  further  on  shown  to  be  probable,  by  analogous  changes  in  the 
same  division  in  the  London  district. 

The  few  foregoing  observations  merely  give  a  sketch  of  this  group 
in  Hampshire.  The  rarity  of  sections  and  vrant  of  time  have  pre- 
vented me  from  working  it  out  so  fullj  as  I  could  have  vrished.  It 
will  serve,  however,  to  show  the  relation  of  this  portion  of  the  series 
to  that  of  the  same  age  in  the  London  district,  and  which  I  purpose 
treating  in  fl;reater  detail.  The  number  of  sections  exposed  to  the 
westward  of  London  along  both  the  north  and  south  lines  of  out- 
crop of  the  Lower  Tertiaries  renders  this  a  work  of  comparative 
facmty,  until  we  arrive  in  the  neighbourhood  of  London.  The  chalk 
tract  separating  the  Hampshire  Tertiaries  from  those  of  the  London 
district  at  their  nearest  point  of  approach  is  about  twenty  miles 
broad. 

LatuUm  DUtrict. — ^In  entering  upon  this  area  we  find  the  middle 
division  of  the  Lower  London  Tertiaries  resuming  its  position  with 
characters  almost  identical  with  those  under  which  it  outcrops  in  the 
neighbourhood  of  Salisbury,  as  the  two  following  sections  will  show : — 

*  At  Seaford  this  sand  contains  masses  of  rough  ferruginous  sandstone  con- 
cretions :  and  the  flints  of  stratum  a  beneath  it  are  often  cemented  into  consider- 
able-sized blocks. 

t  It  is  at  the  base  of  this  bed  that  the  Webiieriie  and  hydrate  of  alumina 
occur. 
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ClaretuUm  Hilly  Hampshire*  (several  small  pits  in  a  hriek-field). 
Chy.  Feet 


I.  Basement-bed  of  the  London  cUy  (flint-pebbles  in  day  knd  sand)  ...      1 

X  f  Mottled  clays  with  a  few  subordinate  beds  of  sand,  about 45 

'^\  a.  flints  and  pebbles  in  green  sand  and  day  1 

Ckalk,  — 

47 

FebUe  Hill,  Berkshire  (section  from  two  pits  in  nearly  adjoining 
brick-fields).     PI.  I.  Diag.  A,  Loc.  sect.  2. 

Londim  CEsy.  ft.  in. 

L    Basement-bed  of  the  London  day  (flint-pebbles  in  day  and  sand)    0    9 

"Lig^t  mottled  greenish  day  10    0 

Irregnlar  bed  (S  sand 5    0 

Sandy  grey  and  brown  day  passing  into  slightly  mottled  day  ...  25    0 

Red  tile  day    5    0 

Fme  sand 3    0 

Band  of  Ot^rM  Be/lofMietM    0    3 

A.  Flints  and  pebbles  in  green  sand  and  day 1    0 

Octt.  

49  0 
In  Marlborough  Forest  the  tertiary  beds  are  so  thin  and  so  dis- 
turbed by,  or  mixed  with,  drift,  that  no  good  sections  can  be  obtained ; 
enough,  however,  is  exposed  to  see  that  thej  consist  of  mottled  clays 
wiUi  sands  and  pebble  beds  reposing  upon  chalk.  At  Bagshot  Hill, 
two  miles  west  of  Hongerford,  the  series  is  more  complete,  but  is 
badlj  shown,  and  consists  of  the  following  beds : — 

Bagshot  Hill  (section  from  a  few  small  pits  and  road-side  cuttings). 
PI.  I.  Diag.  A,  Loc.  sect.  1. 

Feet. 
L  PliBt-pd>b1es  in  day  and  sand,  some  blocks  of  poddingstone  on  surface.. .      3 
e.  Uminatfd  yellow  clays  and  sands    about    12 

d.  Dirk  mottled  days,  Ught  green  with  bright  red about    35 

e.  Imperfect  iron-sandstone  and  sand    2 

i.  TdOow  sand  and  green  clayey  sand,  with  a  thin  seam  of  cysters  at  base...      8  ? 
&  Fermginous  day  with  smdl  flint-pebbles 0| 

60| 
Ckatk,  with  a  very  uneven  surfiu^ 

The  Ostrea  Bellovacina  is  the  only  fossil  found  in  this  section, 
which  is  merely  exposed  in  part  and  is  given  approximately.  At 
Prosperons  Wood  these  beds  are  more  sandy,  and  contain  subordinate 
layers  of  iron-sandstone  2  to  3  feet  thick.  At  Inkpen  mottled  clays 
again  preponderate  and  are  worked  to  some  extent:  they  are  not 
fiMoliferous.  At  Pebble  Hill  the  irregular  and  undulating  beddine 
of  the  Reading  series  is  apparent,  both  in  the  section  taken  by  itself 
or  viewed  in  relation  to  the  Wickham  and  Newbury  pits. 

^  See  Quart  Joum.  Geol.  Soc  vol.  vi.  pp.  257  &  258  for  fig.  of  this  and  the 
ibOowiog  Section. 

t  Group  IL  probably  would  admit  of  as  many  divisions  as  the  mottled  days  at 
Pebble  Hill,  but  the  section  is  too  imperfect  (the  lower  beds  not  bdng  exposed 
when  I  was  there)  to  give  the  exact  sequence  and  thickness  of  each  bed :  on  the 
wbde  also  it  is  more  argillaceous. 
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At  a  pit  on  Liquid  Farm,  three  and  a  quarter  miles  E.S.E.  of  Aid- 
bourne,  and  at  Hopgrass  Pit,  one  and  a  half  mile  W.N.W.  of  Hun- 
gerford,  isolated  masses  of  itke  mottled  clays  are  worked,  apparently 
in  depressions  or  hollows  on  the  summit  of  the  chalk  hills.  In  both 
places  the  clays  are  interstratified  with  thick  beds  of  sand,  are  ex- 
tremely irregular  in  their  stratification,  and  none  of  the  beds  contain 
any  fossils.  At  Wickham,  five  and  a  half  miles  north-west  of  New- 
bury, the  section  of  these  beds,  showing  a  considerable  change  from 
the  series  at  Pebble  Hill,  which  is  three  and  a  half  miles  further 
south,  is  tolerably  complete. 

[The  vertical  scale  of  this  and  all  the  following  sections^  except 
when  mentioned  to  the  contrary ,  is  50  feet  to  the  inch,] 

Fig.  2. — Wickham  {section  from  three  or  four  pits  in  the  brick-field). 

'        ^^  ^^^  ^^^^^^^^^  1.  Gravel  of  pebbles  and  subanguUr  flintt  in 

g clay  and  sand 5 

—  ~  g.  Yellow  sands  more  or  less  argillaceous  ...  15  ? 

{al  /.  Mottled  black,  red  and  greenish  clays 20? 

;^  e.  Brown  and  yellow  clay  and  ocbreous  sand    5 

'^  j^^Bs^^fm^  d.  Light  yellow  sand  striped  ocbreous  and 

^  »HW  grey    4 

J      ^     -  =  ^^^^^^?  c.  Very  tough  greenish  grey  clay   3 

^     mjjjj/j^KBj/S^M  b.  Grey  sand  passing  down  into  a  fine  white 

J    S^^H^^PW^^  sharp  sand 12? 

*i    '^^^^^^^^^^^—.  ^  Light  brown  clay  and  green-coated  flints 

a     Bipi^pi^^lH  beneath 2? 

^         -  V--^-.-i  rXT,- .  66 

-     ^    -^,  -     --     _      ._  4      ^g|^«    j5 

I  haye  found  no  fossils  in  these  pits.  The  lower  sand  beds  are 
more  deyeloped  here  than  at  the  places  before  mentioned,  being 
liable  to  rapid  and  considerable  yariations.  In  some  places  they  are 
10  to  20  feet  thick,  and  in  others  not  more  than  2  or  3.  Further, 
at  Newbury,  in  the  half  mile  of  railway  cutting,  they  pass  (horizon- 
tally) from  a  nearly  wliite  colour  to  apple-green,  and  then  to  yellow. 
The  same  sands  and  clays  are  also  worked  in  pits  at  Stock  Cross  and 
Donnington. 

One  (or  rather  two  in  adjacent  works)  of  the  best  sections  in  this 
district  occurs  at  Clay  Hill,  Shaw,  one  mile  E.N.E.  of  Newbury. 
With  the  exception  of  a  small  break,  the  sequence  from  the  London 
Clay  down  to  the  Chalk  is  complete.  No  fossils  are  met  with  in  the 
upper  part  of  the  Reading  series,  but  in  the  lower  part  the  bed  of 
Ostrea  Bellovacina  is  extremely  well  developed,  and  the  shells  in  a 
fine  state  of  preservation,  although  friable.  Many  of  them  are  very 
large,  as  mucn  as  7  or  8  inches  m  diameter.  In  the  same  bed  are 
also  found  fish-bones,  teeth  of  Lamnce  and  other  fish,  a  few  bones  of 
Chelonia,  minute  spine  of  Echinoderm,  a  few  Foramimfera  (Globu^ 
Una),  and  Cythere  Mulleri, 

*  The  depth  to  which  the  Chalk  is  penetrated  in  this  and  the  following  sections 
varies  of  course  from  time  to  time,  and  is  only  given  approxhnately. 
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Clay  Hilly  Newbury  (connected  section  of  two  adjoining  chalk  and 
clay  pits),     PL  I.  Diag.  A,  Loc.  sect.  3. 

Feet. 

III.  Brown  day  and  traces  of  shells*  {London  Clay  and  Basement-bed) 10 

'J.  Mottled  red  and  bluish  clay 15 

i  White  sand    1 

k.  Mottled  clay 10 

ff.  Sands  and  loam,  only  partly  exposed 10? 

Jt  Ligfat-coloured  and  ochreous  sand,  laminated   3 

e.  Laminated  dark  grey  clay,  grey  and  green  sand,  and  a  few  pebbles  f.    8 

d.  Ditto,  inth  Oetrea  BeBovaema  1 

c.  Dark  grey  clay  mixed  with  green  sand :  no  oysters 2 

3.  Dark  grey  clay  mixed  with  green  sand,  oytten,  teeth,  &c. :  pebbly...     1 
Dark  grey  clay  mixed  with  green  sand,  pebbles,  and  a  few  unrolled 
flints  1 

62 
CSbfltt,  with  tnbnlar  surfBce-perforations  fiUed  with  greoi  sand  20 

In  this  part  of  Berkshire  the  mottled  clays  preponderate  on  the 
south  side  of  the  Tertiary  area,  whilst  on  the  northern  outcrop  the 
sands  are  more  largely  developed.  This  latter  is  especially  the  case  at 
Courage  and  Oare,  a  few  miles  northward  of  Newbury. 

At  Red  Hilly  seven  and  a  half  miles  west  of  Readmg,  the  section 
is  as  follows : — 

Red  Hill  (pit  in  briek-Jield).     PI.  I.  Diag.  A,  Loc.  sect.  4. 

Feet. 
e   Red  and  pnrple  clay  passing  down  into  red  and  green  mottled,  and 

then  red  alone 20 

d.  Patch  of  angular  chalk  fragments,  snbangular  flints,  and  flint-pebbles     1 

c.  Mottled  red  and  yellow  sand 0| 

Xib,  Light-coloured  sand   6? 

27i 
The  peculiarity  of  this  section  is  the  occurrence  of  a  patch  of  an- 
gular chalk  fragments  and  flints,  resembling  ordinary  gravel,  beneath 
the  main  mass  of  mottled  clay  ^.  I  found  no  organic  remains  in  this 
place.  At  Sulham  near  Pangboume  the  sands  overlying  the  chalk 
are  more  than  20  feet  thick.  At  Rose  Hill,  and  again  at  Woodcot 
Common,  to  the  north  of  Reading,  there  is  a  considerable  outlier  of 
unfossiliferous  mottled  clays  and  sands.  The  section  at  Katesgrove 
pit,  Reading,  is  well  known  from  the  description  of  Dr.  Buckland  ||, 
who  noticed  also  the  rapid  change  by  which,  on  the  opposite  side  of  the 

•  These  were  first  noticed  by  Mr.  Rupert  Jones.  f  I  have  recently 

foand  traces  of  fossils  in  this  bed  which  require  further  examination. 

t  The  letters  affixed  to  the  different  beds  of  the  Woolwich  and  Reading  Series 
in  the  several  sections  do  not  mark  equivalent  strata,  with  the  exception  of  "  a,'' 
which  is  always  confined  to  the  commencing  or  lowest  bed  of  the  series.  Where 
the  letters  begin  further  on  in  the  alphabet,  it  is  merely  to  indicate  that  the  series 
is  not  complete — that  some  of  the  lower  beds  are  wanting. 

i  In  digging  a  well  at  Bradfield,  between  this  spot  and  Reading,  the  mottled 
clays  are  said  to  have  been  i^ve  130  feet  thick ;  but  this  seems  to  me  doubtful. 

il  Trans.  Geol.  Soc  2  ser.  vol.  iv.  p.  276.  Since  the  period  of  Dr.  Buckland's 
visit,  the  '*  Basement  Bed  of  the  London  Clay  "  with  its  well-characterized  fossils 
has  been  exposed  by  the  extension  of  the  pit  further  into  the  hill.  (See  Rolfe 
in  Truis.  Geol.  Soc.  2nd  ser.  vol.  v.  p.  127.) 
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valley  at  St.  David's  Hill,  sands  almost  en- 
tirely replace  the  clays  of  the  Katesgrove 
pit  (PI.  I.  Diag.  A,  Loc.  sect.  6). 

A  feature  of  considerable  interest  con- 
nected with  this  series  was  exhibited  in  the 
railway  cutting  for  the  Newbury  brandi 
line  through  the  hiU  west  of  and  adyoining 
Reading.  Under  the  mottled  clays  there 
were  a  few  feet  of  sand,  and  then  a  local 
and  lenticular  mass  of  very  finely  laminated 
li^ht  ereenish  clay  abounding,  in  places, 
with  the  most  beautifully  preserved  impres- 
sions of  plants.  Beneatn  this  bed  were 
strata  of  yellow  sand  succeeded  bv  the  bed 
of  green  sand  with  the  Oatrea  Beuovacina. 
I  give  this  section  in  full,  both  to  show 
these  points  and  also  as  a  good  instance  of 
the  irr^ular  deposition  of  the  mottled  day 
series.     (For  the  plants  see  PI.  IV.) 

Feet 
1.  Ochreousflint-gnTdyTaries  greatly  in  thick- 
ness— ayerages 10 

b.  Mottled  red  and  light  bluish  grey  day  pass- 

ing down  into  slightly  laminated  Hg^t 
grey  days 20 

c.  Laminated  ydlow  sands  2 

d.  Thin  layers  of  light  grey  and  greenidi  days 

more  or  less  sandy;  some  of  the  seams  oon- 
sist  of  a  yery  pure  and  fine  clay  slightly 
mottled  with  a  tinge  of  red.  Extremdy 
perfect  and  very  numerous  impressions  of 
leayes  are  found  in  this  bed 4 

e.  Fine  yellow  sand  with  slight  fidse  stratifica^ 

tion.    Ferruginous  clayey  sand  in  patches 

— soft  ferruginous  casts  of  wood 8 

A.  Green  sand  with  a  band  of  Oitrem  BeUovm^ 
cma  at/   _2 

46 
4.  CkalJt,  with   tubular   surfiice-perforatioBS 
filled  with  green  sand  at/    6 

East  of  Reading  the  cutting  of  the  Great 
Western  Railway  at  Sonning  Hill  afforded 
an  excellent  section  of  the  Reading  series 
and  of  the  Basement-bed  of  the  London 
Clay.  Here,  the  sands  which,  between 
Newbury  and  Reading,  are  often  as  fuUy 
developed  as  the  mottled  clays,  disappear 
almost  entirely,  and  pass  into  or  are  re- 
placed by  mottled  clays.  This  section  also 
shows  the  peculiar  waved  and  irregular 
lines  of  bedding  of  these  strata,  which  here 
as  usual  contain  no  organic  remains*. 

*  The  workmen  howeyer  described  to  me  a  sped- 
men  which,  from  thdr  account,  would  appear  to 
have  been  the  head  or  jaw  of  a  fish  that  Uiey  had 
found  in  the  middle  of  this  series.  The  Basement- 
bed  of  the  London  Clay,  which  caps  the  hill,aboaads 
in  well-presenred  fossils. 
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Sonnimg  HUl  {BaHway-cutting) .     PL  I.  Diag.  A,  Loc.  sect. 


SabangnUr  flint-griTelf  ochreons, — ^Ttriet  in  thickneM,  avenges.. 


7. 

Feet 
12 


23 


BnamaU-bed  qf  ikt  Lomdtm  C%^,— fottOiferoui  brown  clay  with  yellow 
and  green  sand,  pebbles,  and  septaria 5 

"  L  subtly  mottled  bluish  and  red,  passing  eastward  into  grey,  clay  ...  10 
k.  An  irregular  seam  of  sand,  in  some  places  yellow,  in  others  of  a 
light  oluish  colour 2 

/^  Mottled  brown  and  blue « 1 

/.  Dark  grey >clays 

j.  Mottled  red  and  grey,  the  lower  part,  lighter  J 

L  Irregular  seam  of  white  sand 

A.  Red  cUy  

9.  Light  grey  clay    

/.  Very  dark  grey  day    6 

e.  Red  clay 2 

d.  Light  grey  clay   1 

^  e.  Tdlow  sand  with  bands  of  brown  clay*  2 

At  Twyford  the  section  consists  almost  entirely  of  compact  mottled 
green  and  red  claj.  Northward  of  this  district  we  find  several  out- 
liers of  the  lower  tertiaries  reposing  upon  the  elevated  chalk  district 
of  Oxfordshire,  Berkshire,  and  Buckmghamshire.  A  verv  striking 
instance  of  this  occurs  at  Nettlehed,  nine  miles  due  north  of  the  main 
mass  of  the  tertiaries  at  Reading,  and  only  two  miles  distant  from 
the  edge  of  the  chalk  escarpment.  The  tertiary  beds  here  attain  a 
height  of  820  feet  above  the  sea-level.  No  fosnls  are  found  in  this 
section,  which  is  interesting,  however,  from  its  showing  blocks  of 
sandstone  tx  ntu. 

Fig.  4. — Nettlebed  Hill  {section  from  several  snuM  pits  in  brick- 

field). 

Feet 
1.  Gravel,  chiefly  flint-pebbles — averages  about...    5 
e.  White  and  yellow  sands  with  ironstone  nodules : 
flint  and  a  few  quartz  pebbles  occur  in  the 

lower  part  of  this  bed  12 

d.  Light  greenish  day,  whitish  sand  and  masses 
«f  sandstone,  and  red  sands  and  days 10 

c.  •<  Black [>slightly  mottled  days 7 

I  Light  green    J 

h.  White  sand  with  some  large  and  very  compact 
concretionary  sandstones  in  the  upper  part  of 
it,  also  a  few  dark  red  fenruginous  nodules  ...  10 

a.  Green  sand  and  flints   1 


A.  Ckaik. 


45 
10 

The  two  high  and  conspicuous  hills  between  Maidenhead  and 
Henley  are  formed  by  tertiary  outliers.    Another  outlier  forms  the 

*  Beneath  this  bed,  which  was  the  lowest  exposed,  were  said  to  be  10  feet  of 
dark  day  reposing  upon  5  feet  of  ash-coloured  sands,  succeeded  by  the  green- 
coated  flints  1  foot,  and  then  chalk. 
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high  hills  at  Lane  End,  four  miles  west  from  High  Wycombe.  Hie 
suimnit  of  this  hill  consists  of  London  clay  with  a  thm  layer  of  the 
*'  Basement  Bed,"  with  its  characteristic  fossils  beneath  it ;  this  is 
succeeded  by  sands  and  mottled  and  laminated  clays  reposing  upon 
the  chalk.     Sands  predominate,  and  no  fossils  hare  been  found. 

On  the  chalk  hills  around  Missenden,  Amersham,  and  the  Chal- 
fonts,  traces  of  the  lower  tertiaries  frequently  occur,  but  they  are 
so  coTcred  and  mixed  with  drift  that  it  is  rarely  that  clear  sections 
can  be  obtained.  One  and  a  half  mile  east  from  Chesham  is  Tiler's 
Hill,  where  again  we  find,  at  a  distance  of  nine  miles  north  of  the 
main  mass  of  the  tertiaries,  an  outUer  of  London  clay  reposing  upon 
the  lower  tertiaries. 

The  falling  in  of  the  shaft  of  a  chalk-pit  has  recently  (1853)  as- 
sisted in  exposing  a  complete  section  of  this  hill  from  the  London 
Clay  down  to  the  Chalk.  Though  not  very  accessible,  it  shows  a 
clear  unbroken  sequence,  and  affords  therefore  a  good  key-section. 

Tiler's  Hill,  Chesham  (tectum  from  sand-pit  and  shaft  o/chalk-pii 
in  the  brick-field).     PL  I.  Diag.  B,  Loc.  sect.  1. 

Feet. 

Gravel,  chiefly  of  flint-pebblet  in  clay,  ayerages 4 

Ltmdtm  Omm   S  *'  Brown  day  with  t  few  nodular  septaria 10 

jMHwrn  i^tay,  -j  ^   Layers  of  laminated  grey  and  brown  day  3 

F> »_j  ^c.  Layer  of  imperfect  septaria  full  of  fosdls* 0^ 

6.  Light  brown  sandy  day  2 

a.  Flint-pebbles  in  day 1 

'A.  Umber-coloured  day,  in  places  slightly  mottled  red 

and  yellow 2 

g.  Fine  siliceous  sand,  in  places  very  white    3 

/.  Light-coloured  soft   sandstone   with   an   occasional 

pebble — variable  1 

e.  Light-coloured  siliceous  sands  vrith  a  few  seams  of 

grey  day,  the  lower  part  coarser,  yellow,  and  brown  10 
d.  Liuminated  grey  and  yellow  day  and  sand,  with  an 

under-seam  of  pebbles I 

c.  Yellow  and  ash-coloured  sand  with  seams  of  grey  clay    8 

6.  Grey  day  laminated  with  sand   4 

jL  Large  unrolled  flints,  apparently  white-coated  2 

ChiOk    .., 25 

It  is  to  be  observed  that  here  a  layer  of  the  sand  passes  in  places 
occasionally  into  soil  sandstone. 

Returning  southward  we  fall  in  with  the  main  body  of  the  tertiaries 
near  Beaconsfield.  In  a  section  at  Pitlands  Wood,  one  and  a  half 
mile  east  of  this  village,  thin  patches  of  subangular  flints  occur 
apparently  beneath  the  mottled  clays.  From  Starveall  to  Hedgerley 
is  a  succession  of  sections  which  are  interesting  from  their  exhibiting 
the  very  rapid  structural  changes  which  take  place  in  these  sands  and 
mottlea  clays. 

The  two  local  sections,  12  and  13,  in  Plate  I.  Diag.  A,  are  actual 

*  The  Ditrt^  plana  abounds,  together  with  Otirea  BeUovaeinat  a  few  Natiea 
gfttucinoidea,  a  Putut,  and  teeth  of  Lamna. 


Basement-bed 
qf  the  London* 
Clay,  3^/eet 


II.  Woolwich  and 
Reading  Series, 
31/ee<. 
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ones,  less  than  half  a  mile  apart.     In  this  short  distance  the  mottled 
ckjs  almost  entirely  disappear  and  are  replaced  by  sands*. 

At  Uxbridge  and  Pinner  the  mottled  clays  are  largely  developed. 
The  shafts  sunk  to  procure  chalk  at  the  latter  place  f  give  sections 
very  similar  to  that  at  Hedgerley ;  but  on  Pinner  Hill,  in  place  of 
the  mottled  clays,  sands  and  pebbles  predominate,  as  shown  on  the 
side  of  the  lane  leading  from  the  summit  of  the  hiU  to  Hamper  Mill. 
At  Watford  a  remarkable  development  of  the  rolled  pebble  bed  im- 
mediately^ overlying  the  chalk  occurs.  It  there  forms  a  mass  15  feet 
thick,  with  a  matrix  of  ochreous  clayey  sand,  which  gives  it  the  ap- 
pearance of  the  ordinary  drifl-gravel. 

Fig.  5. —  Watford  {general  section  on  railway,  Bushey  cutting). 


3.  Ltmdim  day.  Feet. 

I.  Baiement-bed  of  the  London  Clay  with  numerous  fossilfl 5 

i.  Sands 3? 

c.  Mottled  clays  with  a  few  beds  of  sand   35? 

b.  Sand  nearly  white,  with  a  few  layers  and  patches  of  flint-pebbles    ...  10 

0.  Shingle-bed  of  flint-pebbles  in  ochreous  sand 15 


II. 


4.  Ckaik 5 

AtWelwyn  this  division  consists  essentially  of  sands  with  irregular 
subordinate  beds  of  grey  clays,  occasionally  mottled  red  and  green, 
layers  of  flint-pebbles,  and  thin  seams  of  iron-sandstone.  At  Hatfield  % 
the  mottled  clavs  are  entirely  replaced  by  sands,  which  at  Hertford 
agam  give  way  m  part  to  clays.  The  oyster  bed  overlymg  the  chalk 
is  developed  again  in  this  neighbourhood.  The  sections  are  from 
pits  in  a  brick-field  at  George's  farm,  one  mile  from  Hertford,  on  the 
London  road. 

*  For  a  section  of  the  Hedgerley  Pit  (10)  see  Joum.  Geol.  Soc.  toI.  vi.  p.  268. 
t  A  section  in  fall,  taken  by  Mr.  Morris,  of  the  Pinner  pits  is  given  in  Journ. 
Geol.Soc.Yol.  vi.  p.  269. 

X  For  the  section  at  this  place  see  Quart.  Journ.  GeoL  Soc.  vol.  vi.  p.  270. 
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Near  Hertford  {section  from  chalk-pit  and  pits  in  the  brick-field). 
PL  I.  Diag.  C,  Loc.  sect.  2. 

Fed. 
Mixed  day  and  graTd  1 


,  Batenteni-bed 
qftke  Lomdon 
Clay,  e^fiet. 


II.  WoohDichmd 
ReadmgSeriet, 
Z2feet. 


b.  Brown  sandy  clay  laminated  with  tougher  day,  con- 

taining casts  of  Panopaa,  &c 6 

a.  Flint-pebbles  in  clay i  04 

^f.  Light  greenish  sand 4 

e.  White  or  ash-coloured  sand 6 

li.  Light  yellow  sands   4 

c.  Liffht-coloured  mottled  red  and  grey  clays 10  ? 

i.  Yellow  sand  with  patches  of  the  Ottrea  BeUooaema  in 

places  at  its  base  '. 6? 

a.  Green-coated  flints    1 


39i 

Chalk 12 

At  Seacombe  and  Collier's  End,  north  of  Hertford,  mottled  clays 
seem  altogether  to  replace  the  sands  (PI.  I.  Diag.  C,  Loc.  sect.  1 ). 
The  section  at  the  latter  place  is  peculiar  from  the  circumstance  of 
the  flint-pebbles,  which  usuaU^  form,  with  the  quartzose  sand,  the 
shingle  bed  at  the  base  of  this  series,  being  here  enveloped  in,  and 
formmg  part  of,  the  mottled  days,  which  therefore  come  down  in 
actual  contact  with  the  chalk*.  To  the  south  of  Hertford,  on  the 
contrary,  sands  predominate,  as  at  Northaw,  which  is  noted  for  its 
fine  bed  of  the  Ostrea  Bellovacina  (PI.  I.  Diag.  C,  Loc.  sect.  3). 

The  mass  of  lower  tertiaries  capping  the  chalk  hills  between  Ware 
and  Bbhop  Stortford  affords  no  good  sections.  Several  small  pits» 
of  which  tnat  at  Patmore  Heath  is  the  best,  show  the  prevalence  of 
mottled  red  clays  with  sands  and  pebble  bedis. 

Patmore  Heathy  three  miles  west  ofManewden, 

Feet. 

Brown  day  and  gravel  1 

Mottled  reid,  brown  and  grey  sandy  clay 2 

Ash-coloured  sand  with  Uuninae  of  brown  clay  and  a  seam  of  flint-pebbles  ...  2| 

Flint-pebbles  in  light  greenish  grey  day l| 

The  Ckaik  crops  out  at  about  6  feet  lower. 

I  am  doubtful  whether  the  Thanet  Sands  range  thus  far  north.  If 
they  do,  they  must  be  represented  by  the  bed  of  sand  which  is  to  be 
seen  reposi^  on  the  chalk  in  a  few  pits  between  Bishop  Stortford  and 
Newport.  The  sections,  however,  are  so  far  between  and  so  indistinct, 
that  throughout  Essex  I  do  not  know  of  one  satisfactory  exhibition 
of  the  Lower  London  Tertiaries ;  still  enough  is  shown  to  lead  to  the 
belief  that  sands  there  prevail  in  this  series  almost  exclusively.  In 
Suifolk  there  are  a  few  sections  in  the  neighbourhood  of  Hadldgh 
and  Ipswich  t,  where  it  appears  that  the  space  of  30  to  40  feet  1^ 
tween  the  London  clay  and  the  chalk  is  occupied  by  sands  only ; 
but  whether  they  belong  to  the  Woolwich  beos  or  to  the  Thanet 

*  This  is  the  only  spot  in  which  I  have  seen  the  mottled  day  come  directly 
into  contact  with  the  chalk.  Elsewhere  it  is  always  separated  by  a  fiew  feet  of 
sand,  green  sand,  or  ferruginous  clay. 

t  For  sections  of  these  pits  at  Gestingthorpe,  Hadleigh,  Ipswich,  and  Kyaon,  see 
my  former  paper  in  Quart.  Journ.  GeoL  Soc  voL  vi.  pp.  271,  272. 
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SftodSy  there  ia  in  tliese  sections  no  evidence  to  show.  I  am  inclined, 
however,  to  think  that  a  portion,  if  not  the  whole  of  them,  maypos- 
siblj  belong  to  the  former  group*.  According  to  the  Rev.  W.  B. 
Clarke,  the  evidence  of  its  extension  in  Suffolk  is  more  definite  f.  In 
well-sections  at  Harwich  (p.  370)  he  mentions  the  occurrence  of  beds 
of  mu>ttled  elay^  sand,  and  shingle ;  also  of  vegetable  impressions  in 
a  brown  day  at  Ffigham  Bridge  (p.  373)^. 

It  would  thus  appear  that  mottled  dajs,  irregularly  interstratified 
with  sands,  prevail  along  the  western  portion  of  the  northern  outcrop 
of  the  Woolwich  and  Hauling  series,  whilst  north-eastward  this  series 
seems  reduced  generally  to  a  simple  thick  bed  (or  beds)  of  sand. 
With  the  exception  of  the  Ostrea  Bellovacina  found  occasionally  at 
the  base  of  this  group,  no  other  shells  are  met  with  along  that  fine. 
There  b  nowhere  any  appearance  of  the  Woolwich  group  of  fluviatile 
shells,  but  traces  of  vegetable  matter  and  teeth  of  Lanma  occasionally 
occur. 

As  the  surface-sections  do  not  afford  us  sufficient  proof  of  the  exact 
connection  of  the  sands  and  mottled  clays  of  Reading  with  the  sands, 
days,  and  pebble  heds  of  Woolwich,  we  must  retrace  our  steps  to 
Uxbridge  and  Watford,  and  endeavour  to  follow  the  continuation  of 
these  beds  underground  to  London  and  Woolwich.  Although  passing 
through  a  district  in  which  several  deep  wells  have  been  sunk,  there 
are,  owine  to  the  want  of  correct  details,  but  a  few  amongst  the 
number  mich  are  available  in  evidence. 

First  is  the  well  at  the  Hanwell  Lunatic  Asylum,  of  which  general 
particulars  were  taken  §  and  rock-spedmens||  preserved. 

*  The  foreman  at  the  Kyson  pit  stated  that  large  oyiters  (Oitrw  Belhvaeina  ?) 
were  occasionally  foand  in  the  sand  beneath  tbt  pebble  bed  with  the  mammalian 
teeth. 

t  Trana.  Geol.  Soc.  2nd  ser.  vol.  v.  pp.  361-383. 

t  In  many  of  this  author's  sections,  some  beds,  which  are  described  as  "  Lon- 
don (Hay,"  "  Plastic  CUy,"  and  *«  Plastic  Sand,"  will,  I  bdiere,  be  found  to  belong 
to  the  Boulder  Clay  and  the  unproductive  sands  of  the  Crag  (Nos.  33,  40  and  43, 
p.  376 ;  Not.  44  to  49,  p.  377  ;  Nos.  55,  56,  59,  p.  378 ;  No.  65,  p.  379).  At 
Balingdon  HiU  (p*  375)  there  should  be  30  to  40  feet  of  the  unproductive  sands 
of  the  Crag  and  of  the  Lower  Tertiary  Sands  between  the  diluvial  clay  and  the 
chalk.  These  errors  of  description  detract  from  the  weight  to  be  attached  to  this, 
in  other  respects,  valuable  document. 

Since  vnriting  the  above,  I  have  learnt  that  in  an  artesian  well  at  Colchester 
the  "  Lower  London  Tertiaries  "  were  only  30  feet  thick  (Brown,  Ann.  &  Mag. 
Nat.  Hist,  for  October  1853). 

I  In  the  tpetf-Mc/toiu  the  names  given  by  the  well-digger  are  throughout  re- 
tained. I  have  however,  in  most  cases,  added  another  column  with  the  geological 
grouping,  as  I  interpret  the  descriptions,  in  italics.  The  italics  in  parentheses  are 
also  introduced  in  explanation  of  some  of  the  terms. 

It  vrill  be  observed  that  the  "  Basement  Bed  of  the  London  Clay  "  rarely 
appears  in  these  sections.  This  I  believe  arises  finom  the  fiact  that,  owing  to  its 
general  thinness  and  not  very  striking  mineral  characters,  it  has  been  almost  always 
overlooked  in  well-sections.  Wherever  specimens  have  been  preserved,  I  have 
generally  found  evidence  of  its  existence. 

I  may  remark  that  many  of  these  deep  wells  have  been  sunk  within  the  last  ten, 
and  an  vnthin  the  last  thirty  or  forty  years. 

t  Amongst  the  specimens  which  I  have  examined,  there  were  the  following 
London  Clay  shells,  but  they  were  loose  and  not  placed : — CaneeOaria  kariuteula, 
Cifiktrea  obSgua^  Punu  bifateiahu,  Natiea,  Ntteula  BcwerbanJtH,  Pmupaa  iiUer^ 
mtdJQ,  BoBttUaria  Sowerhyi. 
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Swrfaee  toU  and  drift 


Ijondon  Clay " 


Basement-bed  qf  the    London 
Clay,  A  feet. 
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fTell-seetum,  Hanwell.  (As  the  exact  limita  of  the  different  bed* 
are  not  given  in  a  printed  section^  the  measurements  here  assigned 
to  them  must  be  considered  only  as  ajpproximate.)   PI.  I.  Disg.  A, 

Loc.  sect.  15. 

Feet. 

r  Vegetable  soil 1    gj 

\  Gravel,  sand,  sand  and  gravel  ..       ^ 

Brick  clay  

Blue  or  London  clay 

Piece  of  fossil  wood  

Vein  of  stone  {layer  qfeeptana)  ... 

Vein  of  stone  (teptaria)    

Fossil  shell 

Several  shells 

Vein  of  stone  with  shells  imbedded 
{teptaria  with  CyprinapUmata^e- 
tarte,  and  Jrtdt-Uke  impre$9ion»). 

Vein  of  stone  {teptaria)    

Indurated  mud  and  sand  

'  Mud,  sand,  and  pieces  of  wood  {aleo 
tti^tdar  eeptaria  with  bivakfe  sheits 
not  determinable)  2 

^Pebbles  {^nt)  and  shells 2 

Mottled  day  (r«/,  yrey,  yellow,  Ught 
green  and  puee) 23 

Sand  2 

C\By  (mottled  Ught  grey  and  red) 13 

Indurated  sand,  clay,  and  mad  (kght 
brown  sandy  clays  with  a  seam  qf 
bituminous  clay)    10 

Clay  {mottled  brown  and  light  green) .    8 

Green  sand  and  clay  (trt'M  some  carbo- 
naeeous  matter) 8 

Bed  of  oyster-shells  as  hard  as  nxdc...    3 

Pebbles  {JUnt)  4 

^Bed  of  flint-stones  (m  green  sand)  ...     4 


Chalk 


290 
..  30 


In  this  section  the  mottled  clays  descend  yery  near  to  the  chalk, 
and  are  underlaid  only  hy  3  feet  of  green  sand,  then  hy  a  concreted 
mass  of  the  Ostrea  Bellovacina  reposing  upon  a  bed  of  round  black 
(flint)  pebbles,  under  which  comes  the  green-coated  unrolled  flints 
overlying  the  chalk.  The  next  section  is  at  Castlebear  Hill  near 
Ealing. 

WelUseetion,  Castlebear  Hill.     PI.  I.  Diag.  A,  Loc.  sect.  16. 
(Communicated  by  Mr.  R.  W.  Mylne*.)  Peet. 

London  Clay.  Blue  clay 300 

fe.  Sand  and  silt 30 

n.  Woolwich  and    d  Coloured  clays  and  black  days  with  pebbles 15 

Reading  Series  A  c.  Black,  yellow,  and  green  sands    5 

60 /m/.  6.  Pebbles  and  black  clay 9 

\a.  Flints 1 

To  the  Chalk  ' 360 

*  For  this  and  several  succeeding  well-sections  I  am  indebted  to  Mr.  R.  Vf. 
Mylne,  the  author  of  "  Sections  of  the  London  Strata,"  towards  the  further  illua- 
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In  tlie  coQection  of  the  Geological  Society  is  a  series  of  specimens 
and  a  secUon  of  a  well  at  Twyford  near  Acton,  particulars  of  i^hich 
are  annexed.  A  bed  of  black  bituminoos  clay  with  appearance  of 
decomposed  shelly  matter  occurs  about  20  feet  down  in  the  mottled 
days. 

WelUeetUm,  Twyford.     PI.  I.  Diag.  A,  Loc.  sect.  17. 

PfiCt 

^*'~'~^^'       \fl.  BluccUy   170 

1.  BMememt-bed  fe.  Rock  1 

qftke  London  i  6,  Sand  and  clay  with  pebbles 1 

Clay,                [a.  Pebbles 1 

n.fFooA«^Ao«rfj/-MotrtedcUys    36 

252 

Stratum  b.  i.  here  contains,  as  at  White  Cliff  Bay,  small  fragments 
or  pebbles  of  the  underlying  mottled  red  clays,  as  well  as  flint- 
pebbles. 

At  Watford  we  have  seen  that  the  shingle  beds  of  the  Woolwich 
series  repose  immediately  upon  the  chalk.  The  Thanet  Sands  are 
absent  aliso  at  Pinner. 


Section  of  a  shaft  at  Pinner  near  Harrow. 

(Mr.  J.  Morris.) 

Feet. 

Ctay   ...     Marly  day 12 

c  BatemeniJM  1  ^   g^^  ^^  ^y^^^^  ^^  septaria  1 

'a.  Vein  of  pebbles 1 


^ike  London 
amy,  2  feet. 


a.  Woohriehtmd 


^d!.  Soapy  marl    5 

c.  Mottled  day — ^red,  blue,  green,  &c 26 

b.  Pure  wbite  sand,  sometimes  ferruginous,  and  contain- 
ing masses  of  sandstone,  very  irregular    4 

a.  Green  marly  sand  with  flints    4 

7b  tie  CkMik. 53 


At  Willesden  there  are  several  deep  wells,  but  I  have  not  been  able 
to  obtain  an  exact  section  of  any  of  them.  From  a  good  supply  of 
water,  however,  being  obtained  before  reaching  the  chalk,  it  is  probable 
that  ^le  Thanet  Sands  have  here  commenced.  At  Notting  Dale  this 
deposit  evidently  exists ;  but  in  the  following  section  it  is  probably 
confoonded  with  the  shinele  beds  of  the  Woolwich  series ;  the 
**  Pebbles  and  Sand  "  including,  I  believe,  two  distinct  beds. 

tntkm  of  wfaicb  subject  that  gentleman  has  collected  an  amount  of  evidence  of 
this  description,  as  will,  I  eipect,  throw  much  light  on  the  local  changes  which 
these  beds  undergo. 
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iFell-sectian,  Notting  Dale,  near  NotHng  Hill, 

(Mr.  R.  W.  Mylne.) 

Feet. 

Made  ground  12 

Gravel 5 

London  clay    154 

Mottled  day    35 

Pebbles  and  sand    38 

244 
Chalk  12 

This  point  is  made  clearer  by  the  following  more  careful  section 
near  Westboume  Grove. 

fFeUseetion,  Westboume  Estate  Waterworks, 
PI.  I.  Diag.  A,  Loc.  sect.  18. 

(Mr.  R.  W.  Mylne.) 

Feet. 
London  Clay.   {*;  Yellow  cUy 2? 


II.  Jfoolwichand 


Blue  clay 188 

f/.  Mottled  clay    40 

e.  Pebbles 2i 

KMtyberte9,<  ^   Sand  and  small  pebbles  3^ 

^^f^^'           b.  Green  sand  2\ 

l^a.  Sand,  pebbles,  and  clay  6 

ui,  Thanet  Sandi.J  b,  Grty  ^axidi 17 

18/<»/.        \  a.  Flints   1 

297 

ChaUs 15 


Having  thus  traced  the  Woolwich  and  Reading  beds  into  juxta- 
position with  the  Thanet  Sands  in  this  direction,  we  will  now  return 
to  our  starting-point  at  Hungerford  and  follow  the  former  along  their 
southern  outcrop. 

At  Highclere,  near  Newbury,  the  section  at  the  brick-pit  is  as 
under : — 

Highclere. 

Feet. 

London  day 12 

I.  BMement-bed.  Large  flint-pebbles  in  sand  1 

e.  Fine  ochi«ous  sand   10- 

d.  Mottled  light  red,  yellow  and  grey  brick-clay,  the  upper 

part  sometimes  being  a  red  tUe  day 25 

c.  Whitish  sand 10 

b.  Iron-sandstone  1 

At  Ewhurst  the  following  section  of  a  well  near  the  church  was  . 
given  me  from  recollection  by  the  man  who  bad  made  it  a  few  years 
previously*: — 

*  There  is  apparently  some  mistake  in  these  measurements,  although  I  believe 
the  order  of  succession  and  the  occurrence  of  Hyniie  (b)  to  be  correct. 


II.  fFoohneh 
and  Reading'* 
Seriei. 
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fFell^eettan,  Ewhurst, 

Feet 

/.  Red  and  blue  mottled  cUy  20 

«.  Blue  clay  with  pebbles 15 

d.  Black  day  with  small  oysters 15 

c.  A  bright  ore  {iron  pyrite$) 3 

4.Coal  lUgnite) 7 

a.  Green  sand  and  gravel  (/iit/«)    2 

62 
ChM 17 

At  ChinhaTn,  near  Basingstoke,  mottled  clays  prevail,  as  they  do 
also  at  Old  Basbg,  where  they  are  50  to  60  feet  thick,  with  only  one 
bed  of  yellow  sand  about  5  feet  thick  above  and  2  feet  of  sand  below 
them.  It  is  uncertain  whether  about  20  feet  of  fossiliferous  brown 
day,  overlying  the  sand  and  mottled  clays,  should  not  be  included  in 
this  division,  but  the  railway  section,  when  I  saw  it,  was  too  imperfect 
to  admit  of  a  satisfactoij  examination.  A  further  investigation  of 
the  organic  remains  at  this  locality  would  be  desirable. 

At  Odiham  and  Famham  these  beds  present  but  Utile  varietv» 
consistiiig  almost  entirely  of  mottled  clays  about  30  feet  thick. 
The  following  is  the  section  of  a  well  at  Dogmersfield  Park  near 
Odiham: — 


Well^ection,  Bogmerafield  Park, 
(A.  Bond.) 


Feet. 


nj,^h^  fUmA      J*.  Clay  and  sand    15 

*V»*<»'*»~'-^fl.  Fine  Ught  bluish  sand  25 

LomiUm  Clay    Blue  clay  with  septaria 330 

I.  Btuement'bed  qf  j  b.  Sand,  quite  green H 

ikeL(mdomaay}\a.  Stone  {uptaria)    2i 

Cg,  Sand,  quite  green 1| 

..    ir^wj^f^A  ^M./?        /•  Clay,  yellow,  mottled  red  with  some  grey  ...  5 

3j!!£Ifc2fL    •<*.  CUycy  sand,  bluish  grey  striped  red   10 

jteaamg  Mne$.      ^  ChocoUte-coloured  clay  mottled  with  grey...  11* 

l^c.  Mottled  Ught  grey  and  red  clay  15 

417 

East  of  Famham  the  band  of  Ostrea  Belhvacina  is  found  on  the 
chalk.  At  Gruildford  we  meet  with  the  first  traces  of  the  Woolwich 
shell  beds.  They  form  on  the  top  of  the  mottled  clays  a  thin  stratum 
with  an  eroded  surface,  on  which  reposes  the  '*  Basement-bed  of  the 
London  Clay"  (see  Section  in  Joum.  Geol.  Soc.  vol.  vi.  p.  260,  and 
PI.  I.  Diaff.  B,  Loc.  sect.  6  in  this  volume). 

At  Fetcnam  the  sand  bed  immediately  overlying  the  chalk  is  said 
to  be  35  feet  thick  ^,  and  to  be  underlaid  by  a  band  of  the  Ostrea  Bel- 
lovacina.  On  the  chalk  hills  south  of  Leatherhead  are  several  out- 
liers of  the  **  Lower  London  Tertiaries  "  consisting  chiefly  of  sands 
and  pebble  beds.   The  most  important  one  is  at  Headley-on-the-hill, 

*  In  open  sections  I  have  never  seen  it  above  10  to  12  feet  thick. 
VOL.  X. — PART  I.  H 
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where  there  is  a  considerable  thickness  of  mottled  clays,  capped  by 
a  thick  pebble  bed  similar  to  that  at  Blackheath,  and  underlaid  by 
2  to  3  feet  of  sand  with  the  Ostrea  Bellovacina. 

At  Epsom  the  Thanet  Sands  commence  :  at  least  it  is  to  that  de- 
posit I  would  refer  the  lower  beds  (iii.)  in  the  following  section  on 
the  railway,  half  a  mile  north-east  from  that  town. 


■■■■{ : 


Chalk.. 


Fig.  6. — Railway  Cutting,  Epsom, 

Feet, 

d.  Brownish  stnd 3 

c.  Green  sand    2 

b.  Coarse  yellow  and  green 
sand  with  flint-pebblei 

in  its  lower  part   4 

a.  Laminated  grey  clay 14 

'c.  Fine  white  sand   12tol6 

^.  Grey  sand 2 

a.  Green  sand  and  flints  ...      0} 


Near  Ewell  the  mottled  clays  are  worked  at  Nonesuch  Park,  but 
the  section  is  very  imperfect. 

Thus  far  the  middle  division  of  the  **  Lower  London  Tertiaries  '* 
consists  entirely  of  sands  and  mottled  clays  (with  a  comparatively  small 
quantity  of  flint-pebbles  at  their  base),  remarkable  for  the  absence 
of  organic  remains,  exceptins  a  bed  of  the  Ostrea  BeUovaeina  com- 
mon, but  not  constant,  in  the  thin  stratiun  of  sand  and  pebbles  re- 
posing immediately  upon  the  chalk.  We  now,  however,  arrive  at  a 
point  where  a  very  considerable,  and  rather  sudden,  change  takes  place. 
Thick  masses  of  rounded  flint  shingle,  alternating  with  sands  and  less 
frequentlv  with  grey  and  carbonaceous  days  often  laminated,  and 
characterized  by  a  peculiar  estuarine  and  freshwater  fauna,  now 
intervene  between  the  '*  Basement-bed  of  the  London  Clay  "  and  the 
*^  Thanet  Sands."  Into  this  mass  the  mottled  clays,  however,  occa- 
sionally dovetail  in  a  manner  sufficiently  clear  to  show  the  relation 
and  erynchronism  of  these  two  very  distinct-looking  ^ups. 

This  change  takes  place  nearly  on  a  line  passing  N.  and  S. 
through  London.  The  Diagrams  A.  and  C.  PI.  L  exhibit  the  leading 
phsenomena.  The  following  sections  will  serve  further  to  show  the 
connection  of  these  two  groups  of  strata.  It  will  be  seen  that  the 
mottled  clays  do  not  hold,  as  might  be  supposed  from  some  of  the 
sections  around  Blackheath,  any  definite  position  either  above  or 
below  the  Woolwich  fluviatile  beds,  but  that  they  alternate  with  the 
whole  series,  sometimes  appearing  only  above  and  sometimes  only 
below  the  latter,  and  at  other  times  both  underlying  and  overlying 
them. 

At  Croydon  there  is  no  complete  section  of  these  beds,  but  the 
following  may  be  considered  as  the  approximate  sequence  at  Park 
Hill,  on  the  east  of  that  town.  It  has  been  taken,  witn  Mr.  Flower's 
assistance,  on  different  occasions  when  the  several  beds  have  been 
separately  and  partially  exposed. 
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Fig.  7>—Park  Hill,  Croydon, 


9 


II.  I    * 


III.  4 

3.  London  Clay  (base  not  shown).  Feet. 
I.  ?    Pebble  beds about  10 

Clay  with  Oatrea^  Melania,  and  Cyrena...  „      6 

Mottled  clay  „    25 

Green  sand  and  flint-pebbles „      5 

III.     Thanet  sands    ^    30 

4.  Chalk. 


I. .-     jrei 


Owing  to  the  number  of  weU^ections  whicli  are  necessary  to  trace 
the  sequence  of  the  beds  across  two  other  Unes  of  section, — the  one 
S.  and  N.  from  Croydon  to  London,  and  thence  to  Ware,  and  the 
other  W.  and  £.  from  Esher  to  Chehnsford, — I  have  considered  it 
better  to  remove  them  from  this  part  of  the  paper,  and  to  place  them 
at  the  end,  as  an  Appendix. 


To  resume  now  with  the  sections  exposed  by  pits  at  the  surface, 
eastward  of  the  meridian  of  London. 

Between  a  line  drawn  from  Croydon  to  Orpington,  and  the  Thames, 
is  a  district  in  which  the  pebble  beds  both  of  the  Woolwich  group  and 
of  the  Basement-bed  of  the  London  clay*  are  largely  developed. 
With  the  former  group  are  constantly  associated  seams  of  fluviatile 
fossiliferous  clays  and  occasionally  even  of  considerable  masses  of  the 
mottled  days.  Very  few  sections  are  exposed  in  the  central  and 
south-western  portions  of  this  district :  the  whole  series  is  extremely 
variable,  and  no  very  distinct  order  rules,  except  that  on  the  whole 
mottled  days  (thinning  out  eastward)  prevail  in  the  lower  part, 
shelly  beds  in  the  central,  and  shingle  in  the  upper  part,  but  that 
not  exclusively,  of  this  group. 

In  proceeding  eastward,  the  first  sections  of  any  consequence  we 
arrive  at  are  in  the  neighbourhood  of  Hayes  Common.  Two  pits 
existed  a  few  years  since  in  a  garden  on  the  south  side  of  the  lane 
leading  down  from  that  Common  to  Nash  Farm,  whilst  a  more  recent 
catting  made  in  deepening  the  same  lane  completed  the  section  to  the 
top  of  the  hill.  This  general  section,  which  showed  tolerably  well 
two  zones  of  the  Woolwich  shells  with  the  mottled  clavs  between 
them,  is  rendered  in  Plate  L  Diag.  C,  Loc.  sect.  19.  There  is  also 
a  section  showing  the  pebble  beds,  mottled  clays,  and  shelly  beds 
in  the  lane  leading  down  from  Hayes  Common  towards  Wickham 
(PI.  I.  Diag.  C,  Loc.  sect.  18). 

*  The  shingle  beds  of  this  division  continue  at  intervals  in  considerable  force,  as 
at  Abbey  Wood  near  Erith,  Rowhill  Wood  Hill  south  of  Dartford,  Windmill  Uill, 
Gravesend,  Shome  HiUs,  and  Gad's  Hill  near  Rochester. 
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Woohrieh 

and 
Reading 
Serin, 


At  Orpington  the  Woolwich  and  Reading  groiq)  decreases  in  im- 
portance. The  following  section  was  shown  in  a  road-eatting  at 
Crofton  Pound  near  that  village. 

Orpin^on.  p^^ 

L  Pine  yellow  sand 6 

*.  Dark  grey  day Of 

J.  Mau  of  comminuted  shells,  chiefly  Cyrena  etmeiformit 1 

t.  Yellow  clay  and  concretionary  sUIm  of  earthy  limestone,  fall 

of  the  Ottrea  BeUovaeina 1 

A.  Light  hrown  clay Of 

g.  Rough  thin  concretionary  limestone  full  of  Oeirea  and  Cyrena  2 

y*.  Mixed  hrown  and  grey  clay   1^ 

e.  Mass  of  broken  shells  {CgrenOf  Melania,  Ceriikinm)  in  yel- 
low clay  3| 

d.  Mottled  bright  red  and  light  greenish  clay  2^ 

c.  Brown  clay,  full  of  small  flint-pebbles I 

b.  Bright  yellow  clay If 

a.  Dark  clayey  green  sand,  passing  down  into  very  light-coloured 

loose  green  sand,  with  a  few  thin  layers  of  flint-pebbles. . .  8 

2H 
Traces  of  the  mottled  clays  are  Tisihle  yet  here.  The  lower  part 
of  this  eroup  now  often  assumes  the  character  of  the  Thanet  Sands, 
from  which  it  can  only  he  distinguished  by  a  few  scanty  seams  of 
pebbles.  On  the  hill  west  of  St.  Mary's  Cray  the  separation  of  the 
two  groups  is  however  extremely  well  marked,  as  the  pebbles  form  a 
dense  mass  in  a  bed  of  green  sand. 

Immediately  north  of  the  line  just  passed  over  is  a  district  where, 
amidst  a  most  variable  series  and  a  large  development  of  unfossiliferous 
flint-shingle  and  sands,  one  section  stands  out  in  bold  relief,  and 
almost  abne  there  preserves  the  fauna  of  the  group :  for  a  short 
distance  near  Bromley  and  Chiselhurst  portions  of  the  usually  loose 
and  sandy  beds  are  rendered  solid  by  a  calcareous  cement;  and 
at  Sundridge  Park,  where  they  are  occasionally  worked,  they  present 
a  tnass  25  to  30  feet  thick  of  a  hard  light-coloured  conglomerate, 
with  a  few  subordinate  sand  beds,  abounding  in  fossils.  The  upper 
beds  in  particular  of  this  section  show  a  strong  false  stratification 
shelving  1 2°  to  22°  northward.  The  exact  position  of  these  strata 
cannot  be  recognised  in  this  section:  I  beheve  them,  however,  to 
be  synchronous  with  the  upper  sands  at  Lewisham  and  the  pebbly 
san<u  overljring  the  fossiUferous  clays  at  Woolwich.  The  same  beds 
are  occasionally  solidified  nearer  to  London,  but  nowhere  to  the  same 
extent  as  at  Simdridge  and  beneath  Chiselhurst  Hill. 

Organic  remains^  Sundridge  Park  Pit. 


Cerithium  variahile,  Deeh, 
Corbula  Regulhiensis,  Mor, 
Cyrena  cuneiformis,  F^. 

deperdita,  Sow, 

tellinella,  Deeh. 

cordata,  Mor. 

intermedia,  MeU. 

Fusus  latus,  Sow, 


Glycimeris  ? 

Melanopsis  bucdnoides,  F^. 
Melania  inquinata,  Dee/L 
Modiola  dorsata,  Mor, 
Natica  glaudnoides,  Sow, 
Neritina  globulus,  Drf, 
Nucula  fragilis,  Deeh. 
Ostrea  BeUovaeina,  Deik, 
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Ostrea  tenera.  Sow. 

Hydrobia  Parkinsoiii,  Mor. 

Patella. 

PectancoliiB  terebntnlarit,  DerA. 

Planortiis  hemittoma.  Sow. 

Pbolas. 

Serpnla. 


Crustacea  (Cancer?).  .  '•'  . 
Teeth  of  Lamna. 
Scales  of  Fishes. 
Flostra. 

Cythcre?  -      .-, 

Fragments  of  wood  and  imp^ect 
vegetable  impressions. 


Further  noithward  in  this  district  we  meet  with  some  hetter  and 
well-known  sections.  The  lower  part  of  the  Woolwich  series  is  her? 
generallj  formed  of  pehbly  sands,  remarkable  on  accomit  of  their 
TBriable  and  peculiar  characters.  At  Loam  Pit  Hill,  Lewisham,  the 
section  of  which  has  been  given  both  by  Dr.  Buckland*  and  by 
Conybeare  and  PhiUipsf  (see  PI.  I.  Dia^.  C,  Loc.  sect.  10,  and  ex- 
planation of  the  same),  these  sands  are  m  greater  part  ferruginous 
and  18  feet  thick.  On  the  hill  between  Lewisham  and  Lee  the 
pebbles,  instead  of  being  imbedded  in  sand,  are  in  a  matrix  of  mot- 
tled clays,  which  elsewhere'  occasionally  entirely  replace  both  sands 
and  pebbles.  No  fossils  are  found  either  at  Deptford  or  Lewisham. 
At  Woolwich  thb  portion  of  the  series  consists  of  1  foot  of  pebbles 
in  an  argillaceous  green  sand,  with  about  18  feet  of  a  slightly  pebbly 
greenish  and  ochreous  sand  above  them.  In  the  sand  are  a  few  cal- 
careo-ferruginous  concretions,  and  in  these  are  found  casts  and  im- 
pressions of  the  Oyrena  cuneiformis  and  Cerithium  variabile.  In  all 
these  locahties  this  bed,  when  exposed,  is  seen  to  repose  upon  an  eroded 
surface  of  the  Thanet  Sands,  but  it  is  more  especially  to  the  east  of 
Woolwich  that  this  is  apparent.  The  pebbly  sands  there  come  down 
on  the  Thanet  Sands  m  great  sweeps,  as  shown  in  the  following 
section  on  the  North  Kent  Railway,  representing  a  length  of  200  to 
300  feet  and  a  depth  of  about  12  to  20. 

Rg.  8. — Section  on  the  Railway  East  of  Woolwich. 
W.  The  vertical  scale  uf  this  section  is  100  feet  to  the  inch. 


iL  Base  of  Woolwich  and  Reading  series. 


III.  Thanet  Sands. 


But  the  clearest  and  most  singular  exhibition  of  this  nhsenomenon 
is  in  a  small  pit  on  the  left  of  the  road  ascending  the  hiU  from  Plum- 
stcAd  to  A])bey  Wood  Common,  where  this  pebbly  bed  has  been  as 
it  were  splashed  into  the  soft  and  yielding  surface  of  the  underlying 
Thanet  Sands. 

Fig.  9. — Abbey  Wood  CommonX' 


Dark  pebbly  argillaceous  green 
sand. 


Light-coloared  Thanet  Sands. 


•  Geol.  Trans,  vol.  iv.  p.  287,  and  PI.  13.    f  Geology  of  England  and  Wales,  p.  49. 
X  The  last  time  (May  1853)  I  visited  this  spot  this  section  was  covered  over. 


Digitized  by 


Google 


102  PKjt>CKEDIN6S  OF  THE  GEOLOGICAL  SOCIETY. 

••  •    • 

This  d^tfogaisbing  feature  is,  however,  so  irregularly  maintained, 
that  at  $fhh,  where  m  the  Ballast  pit  this  middle  group  overlies  the 
ThanfV  $i£^ds,  the  line  of  demarcation  between  them  can  hardly  be 
trafy^'/the  two  sands  are  almost  exactly  aUke,  and  the  pebble  seams 
are 'voting.  But  the  organic  remains  here  assist  us,  as  a  band, 
-igarked  by  the  occurrence  of  the  Ostrea  Bellovacina,  defines  the  line 
of  ^aration  of  the  two  groups*. 

**••  A.bove  thb  basement-bed  are  a  series  of  fluviatile  clays  and  pebbly 
/iAmds  generaUy  abounding  in  fossib.  It  is  in  the  lower  part  of  this, 
or  in  the  middle  of  the  central  division  of  the  Lower  Tertiaries,  that 
the  well-known  fluviatile  clays  of  Woolwich  are  placed.  This  stratum 
ranges  from  Londonf  to  Rochester,  a  distance  of  thirty  miles,  but 
with  a  breadth  not  exceeding  five  to  six  miles,  except  near  London, 
where  it  extends  from  twelve  to  fifteen  miles.  The  general  character 
of  this  bed  is  well  known  from  the  descriptions  of  Dr.  Buckland, 
Dr.  Mitchell,  Mr.  Morris,  and  the  Rev.  H.  De  la  Condamine,  to 
whose  papers  I  beg  to  refer  ^  for  some  of  the  principal  sections  in 
this  district. 

As,  however,  the  fossils  of  the  Woolwich  pits  require  both  additions 
and  corrections,  I  herewith  annex  a  list  of  those  found  in  the  bed  of 
dark  grey  clay  (Nos.  7  &  8  of  Dr.  Buckland). 

Organic  Remaina  of  the  Woolwich  Clay  Bed,  Ballast  Pit§. 
(PI.  L  Diag.  A,  Loc.  sect.  25.) 

Cyrena  cundformis,  F&»  NucuU  fragilis,  Deth, 

depeidita,  Sow.  Ostrea  Bellovadna,  Dak, 

cordata,  if  or,  tenera,  Sow. 

Cerithiam  variahilei  De$h,  Hydrobia  Parldnsoni,  Mor. 

gradle,  Mor,  Planorbis  hemistoma,  Sow. 

Cypris  ?  Psammobia  Condamini,  Mor.  ? 

Pusus  latus,  Sow.  Smtdl  Corallines. 

Melania  inqoinata,  Deth,  Opercula  (of  Cerithium  ?). 

Melanopsis  bucdnoides,  F&.  Eggs  of  Molluscs  ? 
Neritina  globulus,  Dtf. 

The  fossiliferous  pebblj  sands  overlying  this  clay  bed  at  the 
Woolwich  pit  must,  I  thmk,  be  referred  to  the  upper  part  of  this 
series.     They  contain  the  following  fossils  : — 

Organic  Remains  of  the  Pebbly  Sanels,  Woolwich  Ballast  Pit. 

Area  depressa,  Sow.  Bucdnum  (Pseudoliva)  fissuratum. 

Auricula  pygmea,  Mor,  Dak. 

Balanus  ?  Calyptraea  trocbifonnis.  Lam. 

*  Sec  also  Journ.  GcoL  Soc.  toI.  vL  p.  443. 

t  Induding  the  detached  and  isolated  patch  (which  however  belongs  to  a 
higher  part  of  the  series)  at  Guildford,  the  range  of  the  fluviatile  beds  would  be 
nearly  sixty  miles. 

J  Ante,  p.  76. 

$  The  fossils  of  this  pit  have  been  most  carefully  worked  out  by  Mr.  De  la 
Condamine,  Mr.  Lunn,  and  Mr.  Rosser,  in  whose  collections  I  found  most  of  the 
rarer  specimens  of  the  accompanying  lists. 
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Cardium  Plumsteadiense,  Sow. 
Cerithimn  yariabile,  De$h, 

Lunnii,  Mor, 

Bowerbankii,  Mor, 

Cyrena  deperdita,  Sow. 

cordata,  Mor. 

cundformis,  F^. 

intermedia,  MeU, 

teUinella,  Dak. 

fusQA  latus,  Sow. 
^— gradatui,  Sow. 

planicostatus,  MeO.  ? 

Melanopsis  andUaroides,  Deth. 

bnccinoidea,  FAr, 

Melania  inqmnata,  Deth. 
Modiola  Mitchelli,  Mor.  ? 
Murex  foliacens,  MeU. 
Natica  glaadnoides,  Sow. 
Neritina  oonsobrina,  F^. 


Neritina  globulus,  Deth. 

pisiformis,  /Vr. 

Ticiua,  MelL  ? 

Nucula  fragilis,  Deth. 
Ottrea  Belloyacina,  Deth. 

tenera,  Sow. 

Hydrobia  Parkinsonii  Mor. 

Websteri,  Mor. 

Pectimculus  terebratularis,  Lam. 

Pholas? 

Planorbis  bemistoma,  Sow. 

Teredina  penonata,  De$h. 

Teredo  antenautae,  Sow. 

Teetb  of  Lamna. 

Scales  and  teeth  of  Fishes. 

Crustacea  (Cancer). 

Small  seed-vessels  (Carpolithes  ?). 

Cythere  &c(Entomostraca,list,  p.  120.) 

Small  Bryozoa. 


There  are  also  two  undescribed  sections  to  which  I  must  allude, 
as  they  pr^ent  several  peculiar  and  interesting  features.  The  first 
is  one  by  the  side  of  the  new  road  leading  down  the  hill  from 
Charlton :  it  is  taken  from  two  or  three  small  pits,  but  the  sequence 
is  perfectly  clear.  On  the  top  of  the  hiU  is  the  Blackheath  pebble 
bed ;  then  follows — 


(PI.  I.  Diag.  A,  Loc.  sect.  24.) 


Feet. 

e.  Light  yellow  sands  striped  with  day  12 

d.  Light  yellow  sands  with  thin  seams  of  iron  sandstone  ...  5 

c.  Bark  grey  clay  with  shells  6 

^.  Layer  of  hard  concretionary  limestone    2 

^a.  Pebbly  green  sand 10 

Thanet  Sands. 


The  beds  *'  a,  b,  dy  and  e "  are  non-fossiliferous,  but  the  clay  bed 
"  c  "  contains  the  same  organic  remains  as  at  Woolwich. 

The  blocks  of  argillaceous  limestone  "  h  "  are  concretionary  masses 
of  frequent  occurrence  in  this  neighbourhood.  They  are  exceedingly 
hard  and  tough,  and  contain  here  no  organic  remains.  (This  stratum 
is  more  fully  developed  beneath  London,  and  is  often  a  source  of  con- 
siderable difficulty  to  the  well-digger.) 

But  the  most  important  feature  of  this  section  is  the  occurrence 
on  the  upper  surface  of  a  thin  seam  of  iron  sandstone,  interstratified 
in  the  upper  part  of  "  c?,"  of  well-marked  ripple-marksy  the  ridges 
of  which  run  nearly  E.  and  W.  This  is  the  only  instance  I  have 
met  with  of  a  ripple-marked  surface  in  the  Tertiary  series  of  the 
London  district. 

The  second  section  is  at  the  entrance  to  the  Tunnel  on  the  S.  side 
of  BUckheath,  and  differs  in  several  points  from  the  preceding 
Charlton  section. 
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Fig.  10. — Section  on  the  Railway  near  the  Blackheath  Station. 

Feet. 
/.  Blackheath  pebble  bed  10  to  12 

'e.  Browniah  sand  2 

d.  Comminuted  shells  in 

light-coloured     clay 

with  pebbles  4 

c.  Comminuted  shells  in 

greenish  grey  day*..      2 
b.  Light  green  sandy  days, 

roottied  red  and  grey      7 
a.  Light    greenish    sanda 

with  a  few  pebbles. . .      6 
III.  ^Tbanet  Sands. 

Here  the  upper  part  of  "  a  "  of  the  preceding  section  passes  into 
mottled  clays.  The  fossils  of  "  c  "  are  similar  to  those  of  the  same 
bed  at  Charlton  and  Woolwich :  those  of  "  d  and  ^ "  are  few  and 
badly  preserved,  but  at  a  distance  of  about  half  a  mile  further  west- 
ward towards  Lee  these  beds  are  richer  in  organic  remains,  which 
are  for  the  greater  part  the  same  as  those  found  in  the  "  Pebblj 
Sands"  at  Woolwich,  but  not  so  well  preserved.  The  main  points 
of  difference  are,  the  far  greater  abundance  of  the  Modiola  MitchelU 
at  Lee, — a  shell  extremely  rare  at  Woolwich, — and  the  absence  or 
great  rarity  at  the  former  place  of  the  Cardium  and  Pectunculus. 

In  the  neighbourhood  of  Blackheath  this  upper  portion  of  the 
middle  division  of  the  Lower  London  Tertiaries  oflen  consists  of  alter- 
nating thin  layers  of  hght  grey  or  brownish  clays  and  yellow  sand, 
which  in  the  section  of  Loam  Pit  Hill,  Dr.  Buckland  designated  as 
"  striped  sands"  and  "  striped  loams" ;  and  the  former  term  has 
since  been  applied  by  Mr.  De  la  Condamine  to  denote  generally  the 
upper  part  of  this  division, — ^a  subdivision,  however,  which,  although 
weU-marked  in  that  vicinity,  can  only  be  considered  as  a  local  feature. 

The  railway  cutting  at  New  Cross  was  interesting  from  its  exposing 
a  more  freshwater  conditionf  of  the  strata  than  usually  prevails,  and 
from  its  showing  the  relation  of  these  upper  beds  of  the  Woolwich 
series  to  the  London  clay.  Only  the  higher  beds  of  the  group  were 
here  exposed,  consisting  of — 

(PI.  L  Diag.  C,  Loc.  sect.  9.) 

Feet. 

London  day 40 

Basement-bed  London  clay  (flint-pebbles  in  ochreous  sand)    ...  1  to  2 

f.  YeUowsand 2i 

A.  Clay  and  sand,  with  shells  occasionally 3 

p»  Band  of  freshwater  limestone  (PalMc/tfia) 0^  to  I 

/.  Sand  and  shells   6 

«.  Clayey  sand  and  shells    5 

The  order  of  succession  of  the  lower  beds  was  made  known  by  a 
well  sunk  at  the  Naval  School,  New  Cross. 

*  At  a  distance  of  a  quarter  of  a  mile  E.  this  bed  becomes  6  feet  thick,  of  a 
dark  grey  colour,  and  full  of  shells. 

t  The  same  beds  extend  to  Peckham  on  one  side,  and  to  Counter  Hill  and 
Lewisham  on  the  other. 
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WelUeetion,  New  Cross.     (PI.  I.  Di^.  C,  Loc.  sect.  8.) 
(Mr.  R.  W.  Mylne.) 

Feet 

London  J  JeHow  day 10 

Clay.  \Blue  clay 13 

r  t.  ShelU  in  sand    10 

h.  Hard  shells    3 

^.  Sand  with  water    1 

/.  Sand  with  shells    15 

e.  Shells  and  clay  mixed  5 

4.  Sand  1 

c.  Hard  shells  in  sand  2 

b.  Pebbles  15 

a.  Green  sand 2 

III.  Triune/ J  Hard  sand  14 

Sands.  \Sand    34 

125 
Chaik  25 

To  the  band  of  freshwater  limestone,  attention  has  been  called  by 
Mr.  Warburton'*'.     It  is  full  of  the  following  fossils : — 

Melanopsis  buccinoides,  F&.  Teeth,  bones,  and  scales  of  Fishes. 

Paludina  lenta.  Sow.  var.  a,  Mor.  Unio  (Deshayesii,  Wat.  ?). 

Hydrobia  Parkinsoni,  Mor.  Traces  of  ▼egietid)le  impressions. 

The  Unio  has  only  been  found  at  a  very  short  distance  to  the  £. 
and  W.  of  this  place.  The  Paludina,  which  can  scarcely  be  distin- 
guished from  the  Isle  of  Wight  species,  hardly  exceeds  the  limits  of 
this  area:  it  has  been  found  however  as  far  north  as  Limehouse. 
Beneath  this  bed  are  clays  and  sands  also  containing  a  somewhat 
different  group  of  fossils.  The  following  is  a  list  of  those  which  I 
collected  during  the  cutting  of  the  railway  : — 

Area  depressa.  Sow.  Modiola  Mitchelli,  Mor. 

Calyptnea  trochiforrois,  Lam.  Ostrea  Bellovadna,  Duh. 

Corbnla  Regolbiensis,  var.  /3,  Mor.      tenera,  Sow. 

Cyrena  cuneiformis,  /Vr.  Hydrobia  Paridnsoni,  Mor, 

cordata,  Mor.  Cypris  ? 

deperdita,  Sow.  Bones  and  scales  of  Fishes. 

teUineUa,  Desk.  • 

Cerithinm  variabile,  Desk.  Cythere,  sp. 

Melania  inqninata,  Dtth.  Foraminifera  (last  3  sp.  in  list,  p.  1 18). 

Melanopsis  bucdnoides,  F&. 

To  the  above  specimens  may  be  added  the  following  species  from 
the  Counter  HiU  pits : — 

Pectuncolus  terebratularis,  Lam.        Psanunobia  Condamini,  Mor, 
Planorbis  IsBTigaius,  Deth.  Impressions  of  plants. 

When  these  upper  beds  contain  subordinate  seams  of  pebbles,  it 
becomes  difficult  to  separate  them  from  the  "  Basement-bed  of  the 
London  Clay-,"  which  reposes  upon  this  division  in  a  very  irregular 
manner. 

At  Woolwich  no  Hne  of  separation  can  in  the  present  section  be 
drawn  between  the  great  mass  of  shingle,  which  I  presume  belongs 
to  the  Basement-bed  of  the  London  clay,  and  the  fossiliferous  pebbly 
sands ;  but  about  twelve  or  fifteen  years  since,  when  the  section 

*  Joum.  GeoK  Soc.  vol.  i.  p.  172. 
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extended  fiirther  southward,  a  waved  irregular  line  generally  sepa- 
rated these  latter  from  some  unfossiliferous  pebhly  beds  above.  The 
upper  bed  being  derived  in  great  part  from  the  destruction  of  the 
lower,  and  the  materials  being  so  similar,  renders  it  difficult  to 
discriminate  between  them  either  here  or  anywhere  in  the  immediate 
district.  Viewed,  however,  on  a  large  scale,  this  distinctiati  is  ap- 
parent. In  conjunction  with  Mr.  De  la  Condamine  I  had  an  exca- 
vation 10  feet  deep  made  beneath  the  London  clay  at  the  north  base 
of  Shooter's  Hill,  and  found  that  it  reposed  directly,  and  without  ad- 
mixture of  pebbles,  upon  the  great  mass  of  sandy  shingle  spread  over 
Plumstead  Heath  and  Blackheath ;  just  as  at  New  Cross  and  Lewis- 
ham  it  reposes  upon  an  equally  compact  bed  of  similar  shingle,  but 
which  in  these  localities  is  only  1  to  2  feet  thick.  This  latter  bed  I 
have  before  shown  to  extend  uninterryptedly  westward  through  the 
London  district  and  as  far  as  the  Isle  of  Wight,  maintaining  through- 
out its  range  a  general  thickness  not  exceeding  2  to  5  feet.  Although 
attaining  such  a  remarkable  thickness  at  Blackheath,  still  as  no  br^ 
or  division  can  be  detected  in  the  mass,  it  may  be  considered  as  a 
development  of  the  same  bed, — ^a  view  confirmed  by  a  constant  cha- 
racter before  shown  to  attach  to  the  Basement-bed  of  the  London 
clay,  viz.  that  of  reposing  upon  a  worn  and  eroded  surface  of  the 
underlying  beds.  This  feature  is  very  marked  in  the  Blackheath 
district.  Great  hollows,  swept  out  of  the  pebbly  sands  and  fossili- 
ferous  clays,  are  filled  up  by  these  masses  of  shingle  beds.  In  one 
locality  on  Blackheath  the  upper  sands  of  the  Woolwich  group  are 
25  feet  thick  and  come  almost  close  to  the  surface,  whilst  m  a  pit  a 
few  hundred  feet  N.W.  and  on  the  same  level  the  sands  are  entirely 
wanting,  being  replaced  by  the  pebble  beds.  Very  thick  agglomera- 
tion of  pebbles,  and  frequent  false  stratifications  shelving  down, 
generally  northward,  from  20°  to  35°,  mark  these  pebble  beds,  which 
in  some  places  on  Plumstead  Heath  attain  the  great  thickness  of  50 
to  70  feet.  Traces  of  shells  are  occasionally  met  with  in  them,  but 
they  are  in  so  friable  a  state  that  it  is  difficult  to  determine  their 
characters.  The  Cardium,  Nucula,  and  Cyrena,  all  probably  the 
same  as  the  Woolwich  species,  have  been  recognised. 

Proceeding  eastvrard  from  Woolwich  the  Middle  division  of  the 
Lower  Tertiaries  resolves  itself  more  distinctly  into — 1st,  upper  beds 
of  sand  with  subordinate  layers  of  pebbles,  clay,  and  containing  many 
of  the  shells  found  in  the  pebbly  sands  of  Lee  and  Woolwich  ;  2nd, 
beds  of  laminated  brown  or  dark  grey  clay  vnth  Ostrea,  Cyrenoy 
Melanin,  and  Cerithium,  6  to  10  feet  thick ;  and  3rd,  lower  beds  of 
pebbly  light-coloured  green  sand  varying  in  thickness  from  10  to  30 
feet. 

The  upper  bed  has,  however,  often  been  removed  by  the  denudation 
preceding  the  deposition  of  the  "  Basement-bed  of  the  London  clay," 
— a  denudation  which  has  sometimes  deeply  eroded  this  middle  divi- 
sion, as  shown  for  instance  in  the  section  on  the  side  of  the  lane 
leading  from  the  Abbey  Wood  Station  up  the  Abbey  Wood  hills, 
where  the  Basement-bed  of  the  London  clay  reposes  upon  the  lower 
beds  of  the  Woolwich  series.  The  middle  bed  (fossiliferous  clays) 
exists  further  back  (S.)  in  the  hill  and  crops  out  by  Wick  ham  Church. 
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Pig.  11. — Lane  in  Abbey  Wood, 

Feet. 
7r^*'^^?.*£^7v.                  I.  Basement-bed  of  London 
'•                   clay*    (flint    shingle- 
beds) +10 

II.  Light  green  sand  with 

II.  seams  of  pebbles ; 
traces  of  laminated 
clays  occur  at  ^ 14 

III.  in.  Thanet  Sands  -f  20 


Numerous  small  sections  of  the  fossiliferous  clays  and  associated 
beds  may  be  seen  on  the  higher  hills  between  the  valleys  of  the  Cray 
and  the  Darent,  as  at  St.  Paul's  Cray  Hill,  Well  Hill,  Croking  Hill, 
Joy  den  Wood's  Hill,  and  elsewhere ;  and  again,  east  of  the  Darent, 
on  the  Swanscombe  Hills  near  Greenhithe,  on  Windmill  Hill,  Graves- 
end,  and  on  the  Shome  and  Cobham  Hills  near  Strood.  The  section 
east  of  Bexley  on  the  hill  leading  to  Dartford  Heath,  the  one  between 
Green  Street  Green  and  Betsham,  and  that  traceable  on  the  path  and 
road-sides  in  descending  from  the  summit  to  the  south  side  of  Wind- 
mill Hill,  Gravesend,  are  represented  under  the  Loc.  sect.  29,  30,  3 1, 
and  32,  Diag.  A,  PI.  I.  The  section  at  Shome,  Loc.  sect.  33,  is  taken 
in  the  lane  leading  from  the  high-road  near  Grad's  Hill  to  Shome 
Ridgeway. 

At  Upnor  near  Rochester  the  section,  which  is  unusally  clear  and 
distinct,  shows  the  London  clay  with  its  Basement-bed  reposing  upon 
the  fluviatile  sands  and  clays,  which  in  their  tum  overlie  the  Thanet 
Sands.  These  latter,  however,  do  not  appear  in  the  larger  pit  where 
there  is  the  coping  of  London  clay,  but  in  the  sand-pit  by  the  brick- 
field to  the  S.W.  of  it.     (See  Joum.  Geol.  Soc.  vol.  viii.  pi.  15.) 

The  general  view  of  the  pits  is  as  follows : — 

(PL  L  Diag.  A,  Loc.  sect.  34.)  Feet. 

London  clay  -|-25 

I.    Baaement-bed  of  the  London  clay    4i 

Light  yellow  and  whitiah  sands,  containing  irregular 
patches  of  shells,  chiefly  Ostrea  and  Cyrena ;  occa- 
sionally the  shells  form  a  layer  1  ft.  thick  at  the  base 
of  this  bed.  Upper  surface  worn  and  eroded  by  "  i." 
Dark  grey  clay  full  of  shells,  both  perfect  and  com- 
minuted, and  with  a  subordinate  thin  seam  of  sand, 
Z\  feet.  Dark  clay  passing  down  into  a  brown  sandy 
clay — a  few  casts  of  shells — selenite  plentiful,  2  ft. 
Tough  yellow  clay,  sand  and  ochre,  and  lignite,  |  ft.  6 
Fine  white  sand  2^  feet.  Sand,  grey  and  brownish- 
red  at  top,  passing  down  into  light  yellow,  20  ft. 
Light  ochreous  sand,  3  feet.    Small  flint-pebbles  in 

greenish  sand,  2i  ft 28 

Thanet  San'cli 4-20 

*  In  a  cutting  on  the  side  of  the  new  road  just  made  a  short  distance  east  of 
this  section,  the  "  Basement-bed  "  reposes  upon  the  pebbly  sands  of  the  Wool- 
wich and  Reading  series.  The  division  of  these  two  groups  is  here  perfectly 
well  shown,  the  line  of  separation  being  distinct  and  irregular,  and  the  pebbly 
lands,  which  are  far  more  pebbly  than  at  Woolwich,  and  contain  numerous  very 
friable  and  badly  preserved  shells,  chiefly  Cyrena,  being  in  clear  contrast  with  the 
orerlying  mass  of  non-fossiliferous  and  larger  shingle. 
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The  fossils'*'  found  in  Stratum  " c  **  are — 

Ceritliiiiin  raruibile,  DeMh,  Melania  inquiiiata,  Deth, 

Cyrena  cuneiformis,  /Vfr.  MelanopsiB  buccinoides,  P6r. 

deperdita,  Sow,  Ostrea  BelloTadna,  Deih, 

cordata,  Mor, 

In  addition  to  the  ahove,  the  following  fossils  occur  in  Stratum 

Oatrea  tenera,  Sow*  Small  vertebrae  of  Fishet. 

Hydrobia  Paridnsonii  Mor»  Vertebra  of  LepidoBteiu.     PL  III. 

Planorbis  hemistoma,  Sow.  fig.  1. 

Ptampiobia  Condamini,  Mor.  Cypris  or  Cythere  ? 

In  the  lightKsoloured  pebhlj  sands  '*  a,"  no  fossils  have  jet  been 
foundf. 

The  persistence  of  the  fluviatile  clays  from  Woolwich  to  Rochester 
is  sufficiently  apparent,  but  that  of  the  associated  pebbly  sands  be- 
neath is  not  so.  These  latter,  when  the  green  grains  and  the  pebbles 
are  absent,  assume  so  closely  the  appearance  of  the  Thanet  Sands, 
that  in  many  places  these  two  groups  can  scarcely  be  distinguished 
one  from  another ;  and  the  days  **  b  "  repose  upon  sands  which  may 
easily  be  mistaken  for  the  Thanet  Sands,  and  to  which  therefore  they 
might  be  considered  subordinate,  instead  of  being,  as  I  believe  them 
to  be,  subordinate  to  the  Woolwich  group.  The  separation  of  the 
two  sands  is,  however,  shown  in  a  sufficient  number  of  instances  to 
be  marked  and  definite ;  and  even  wlien  this  is  not  the  case,  a  closer 
examination  of  them  will  generally  show  that  some  distinction  in  the 
mass  does  exist,  however  difficult  it  may  often  be  in  two  such  similar 
arenaceous  beds  to  distinguish  the  line  of  separation. 

Thus  far  either  the  mottled  clays  or  the  fluviatile  clays  of  Wool- 
wich have  given  a  marked  character  to  the  middle  division  of  the 
Lower  Tertiaries,  but  these  mineral  and  pakeontological  features 
cannot  be  traced  eastward  of  Rochester,  and  we  therefore  become 
dependent  upon  other  evidence  for  proof  of  the  extension  of  the 
''  Woolwich  and  Reading  series  "  into  East  Kent.  As  before  ob- 
served, the  pebbly  sands  <*  a  "  at  the  base  of  this  series  often  want 
distinctiveness  even  in  West  Kent,  and  thb  becomes  still  more  ap- 
parent as  the  beds  trend  eastward ;  there  is  a  difficulty  therefore  m 
connecting  the  Woolwich  and  Upnor  sections  with  those  of  Heme 
Bay  and  Canterbury,  owing  to  our  having  to  rely  almost  entirely  upon 
these  beds  (a)  in  our  traverse  across  the  intervening  district.  The 
outcrop  of  the  Lower  Tertiaries  between  the  Medway  and  Faversham 
rarely  extends  beyond  the  low  ground  at  the  base  of  the  chalk 
hills,  and  consequently  there  are  few  of  those  long  lane-sections  so 
common  on  the  hills  in  West  Kent.  I  have  not  in  fact  been  able  to 
find  one  clear  section  of  the  whole  of  the  middle  division  anywhere 
between  the  above-named  places.  Of  the  Thanet  Sands  there  is  no 
want  of  sections,  and  occasionally  there  are  small  sections  of  the 
lower  part  of  the  middle  division ;  scanty,  however,  as  they  are,  they 
all  exhibit  the  same  features  and  prove  ^e  continued  superposition 

*  For  the  fossils  and  details  of  "  i."  see  Joum.  Oeol.  Soc.  vol.  vi.  p.  264. 
t  The  fossils  both  of  "  c  "  and  "  b "  require  probably  further  working  out 
Both  these  beds  vary  slightly  in  structure  in  close  ac[joining  pits. 
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of  the  two  divisions,  for  wherever  sections  are  open  at  60  to  80  feet 
above  the  chalk  we  invariably  find  the  Thanet  sands  capped  by  the 
pebbly  sands  "  a  "  of  the  Woolwich  series,  the  latter  being  mstin- 
goiahed  from  the  former  through  this  district  by  its  coarser  ^uartzose 
character,  by  the  admixture  of  green  sand,  of  small  concretionary  or 
tabular  iron  sandstone,  of  an  occasional  thin  seam  of  a  hard  siUceous 
sandstone,  and  scnnetimes  by  the  presence  of  a  few  pebbles-;  but  this 
latter  is  a  character  which  becomes  less  and  less  marked  as  we  pro- 
ceed eastward.  These  beds  may  be  seen  on  the  hill  in  the  marshes 
W.  of  Ottersham  Wharf,  on  those  near  Newington  Street,  and  on  the 
hills  W.  of  Faversham.  No  organic  remains  have  yet  been  foimd  at 
any  of  these  places. 

At  Boughton,  three  miles  east  of  Faversham,  we  arrive  at  a  range 
of  hiQs  extending  from  this  village  to  Canterbury,  and  the  summit 
of  which  consists  of  London  clay,  while  round  its  slopes  the  different 
members  of  the  Lower  Tertiaries  crop  out  and  are  tolerably  well  ex- 
posed. From  several  sections  we  find  that  the  middle  division  or 
"  Woolwich  group  "  has  here  passed  entirely  into  light  ash-coloured 
and  greenish,  and  ochreous  sands  30  to  40  feet  thick.  At  Boughton 
the  following  section  is  exposed : — 


(PL  I.  Diag.  A,  Loc.  sect.  40.) 

Feet 

L.  London  day   -^10 

r  6,  Fine  wbitnh  sands  with  layers  of  pebbles  and  tra^ 

ui  of  sheik,  and  a  few  teeth  of  ZofRiui  7 

la.  Grey  clay    1 

II.  Light  green,  and  ochreous,  sharp  sands 30 


No  fossils  are  found  in  Strata  ''  ii."  Just  before  the  pubUcation  of 
my  paper  on  the  Thanet  Sands,  I  discovered  some  silic^ed  fossils  in 
a  hedge-bank  at  Oakwell.  The  superposition  of  the  bed  is  not  shown, 
and  from  the  occurrence  of  the  Cucullaa  cratsatina*  and  Cytherea 
Bellacaeina,  I  considered  that  it  was  probably  a  part  of  the  Thanet 
Sands.  From  subsequent  examination  of  the  ground  I  am,  however, 
led  to  beUeve  that  this  bed  belongs  to  the  pebbly  Woolwich  sands 
("  a  "),  the  more  especially  as  I  have  since  foimd  similar  fossils  in  a 
bed  whose  superposition  to  the  Thanet  Sands  is  clear.  This  is  the 
first  indication  we  have  of  a  distinctly  marine  fauna  in  this  part  of 
the  Woolwich  group.    The  following  are  the  species  found  there  : — 

Cardinm.  Ostrea. 

Corbnla  Regolbiensis,  Mor.  ?  Flostra. 

(Amooldi,  Ny$t  ?)  Sponge  spicola. 

CncaUaea  crassatina,  Lam.  Nodosaria  bacillum,  D^. 

Cyprina  Morrisii,  Sow.  A  very  small  undeterminable  nni^alve, 
Cytherea  Bellovadna,  De$h.  and  some  small  bivalves,  apparently 

Dentalinm.  Cytherea, 

*  The  occurrence  of  this  silicified  shell  in  this  neighbonrhood  was  noticed 
some  years  since  by  Mr.  Crowe  of  Faversham,  and  is  mentioned  in  the  *  Min. 
Conch.' ;  but  the  exact  locality  vras  not  given,  and  its  position  has  remained  un- 
certain  up  to  the  present  time.  It  appears  to  have  been  found  nearer  to  Faver- 
sham, or  there  were  formerly  some  excavations  in  Nash  Park  near  Boughton 
whence  some  fossils  are  said  to  have  been  obtained. 
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These  fossils  are,  however,  very  rare :  I  have  not  found  them  else- 
where on  this  side  of  Canterbury. 

On  Shottenden  Hill,  three  miles  S.  of  Boughton,  is  an  outlier  of  the 
Lower  Tertiaries  capping  the  chalk,  and  singular  in  that  it  exhibits 
the  only  instance  in  this  district  of  the  occurrence  of  the  shingle-beds 
of  the  Basement-bed  of  the  London  clay,  forming  a  mass  as  distinct 
as  that  on  Blackheath,  and  from  30  to  40  feet  thick. 

Another  interesting  phsenomenon  is  also  met  with  at  this  place : 
beneath  the  shingle  are  the  light-coloured  quartzose  pebbly  sands  of 
the  Woolwich  group,  and  in  the  upper  part  of  this  bed  are  occasional 
small  masses  of  a  soft  concreted  sandstone,  the  upper  surface  of 
which  is  often  full  of  the  holes  of  a  boring  mollusk,  apparently  a 
Lithodomus,  I  have  found  Ao  other  traces  of  organic  remains  in 
these  beds. 

The  next  clear  section,  or  rather  series  of  sections,  is  at  the  village 
of  St.  Stephen's,  one  mile  N.W.  of  Canterbury.  In  one  pit,  the 
London  clay  reposing  upon  the  Basement-bed,  and  in  another  the 
latter  on  the  faint-green  sands  of  the  Woolwich  group,  may  be  seen. 
But  the  most  complete  section  occurs  at  the  entrance  to  the  tunnel  on 
the  Whitstable  Rs^way,  where  the  sequence  of  the  Lower  Tertiaries 
from  the  London  clay  to  the  Thanet  Sands  is  well  exposed. 

Fig.  12. — Section  an  the  Whitstable  Railway,  near  Canterbury. 
(PI.  I.  Diag.  A,  Loc.  sect.  42.) 


3.  Londot)  clay. 

I.  Basement-bed  (light  sands  with  large 

blocks  of  pebbly  ironstone  ♦). . 
n.  Woolwich  series  (light-coloured  sands 

mixed  with  some  green  sand  and  a 

few  pebbles).     ' 


/^^v "       III.  Thanet  Sands. 


The  fossils  in  the  "  Basement-bed  "  "  i.'*  are  numerous ;  but  none 
•occur  in  the  pebbly  sands  "  ii."  :  traces  of  sponge-Uke  ferruginous 
concretions  are,  however,  common.     Both  are  about  20  feet  thick. 

The  most  important  section,  however,  in  this  district  is  on  the  coast 
between  Heme  Bay  and  the  Reculvers.  Here,  in  addition  to  the  large 
surface  exposed,  the  beds  are  more  fossiliferous  than  usual.  The 
following  is  a  description  of  the  chff  immediately  east  of  Bishopstone 
ravine  (see  Joum.  Geol.  Soc.  vol.  viii.  p.  239.  pi.  15). 

*  These  blocks  of  ironstone  extend  to  Boughton,  from  which  locality  the  or- 
ganic remains  enumerated  in  my  paper  in  tlie  Joum.  Geol.  Soc.  vol.  vi.  p.  264, 
were  obtained.  This  bed  has  since  been  found  to  be  sufficiently  rich  in  iron  to 
be  profitably  worked,  and  it  is  now,  I  understand,  quarried  and  sent  to  the  Staf- 
fordshire furnaces. 
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(PI.  I.  Diag.  A,  Loc.  sect.  43.) 


Feet. 


Drift Ocbreoui  flint  gnyel   4  to  6 

Lmdim  day  Tenacious  brown  and  bluish  clay,  witb  few  or 

no  fossils 10  to  15 

'  h.  Fine  light-coloured  siliceous  sands,  with  oc- 
casional large  tabular  masses  of  sand- 
stone, white,  g;rey,  ferruginous,  and  brick- 
I.  Ba$ement'bed  red.    Lenticular  twin-crystds  of  sulphate 

qfthe  London  of  lime,  and   small   soft    concretionary 

day  (for  the  lumps  of  the  black  oxide  of  iron,  common, 

fossils  of  this  J  Seams  of  flint-pebbles  of  occasional  oc- 

division,    see  ■  currence.  False  stratification  of  the  sands 

Joum.    Geol.  not  nnccmroon.    Fossils  common,  occa- 

Soc  vol.  vi.  sionally  dispersed  in  the  sands,  but  more 

p.  265).  commonly  in  irregular  patches,  and  in  the 

sandstone  blocks 22 

a.  A  layer  of  flint-pebbles  in  sand,  (yellow, 
green,  and  ferruginous,)  often  concreted ; 
abounds  in  organic  remains    1  to  2 

"  c.  Argillaceous  green  sand,  passing  down  into 

yellowish  sand  with  less  clay 12 

b.  Dark  grey  argillaceous  sand,  full  of  small 
ferruginous  sandy  tubular  concretions  and 
lumps,  passes  down  into  a  brownish  sandy 
clay,  and  then  into  a  light  greenish-grey 
clayey  sand,  with  a  very  few  small  flint 
pebbles.    Nodules  and  lumps  of  iron  py- 

Woohoieh  mrnd  rites,  with  coarse  green  sand  and  very 

Meadmy  SerieM.  <{  small  quartz  pebbles,  are  common.  Wood 

in  fragments  and  pieces  in  the  state  of 
lignite  are  of  frequent  occurrence.  A  very 
few  teeth  and  palates  of  Fishes  are  found.  7 

a.  Light  ash^reen  and  yellow  sands  with  casts 
of  shells,  passing  down  into  a  coarser  green 
sand,  near  the  base  of  which  a  thin  band 
of  very  coarse  and  bright  green  sand,  some- 
times concreted  and  abounding  in  silid- 

fled  shells,  occurs 9 

Tu.  Thanet  Sand$.    ^  t^ellow,  greenish,  and  grey  fossiliferous  sands. 
(Joum.  voLviii.  Th^  only  just  appear  at  this  spot, 

p.  262.) 

The  strata  a,  6,  and  c,  ii.  of  this  section  I  take  to  represent  the 
Woc^wich  and  Reading  series.  In  its  lower  bed  **  a  there  is 
a  group  of  organic  remains,  consisting  of  the  following  marine 
species: — 


Ampollaria  subdepressa,  Mor, 
Cardium  Laytoni,  Mor. 

Plumsteadiense,  Sow. 

Corbula  Regulbiensis,  Mor, 
Cucullca  crassatina.  Lam. 
Cyprina  Morrisii,  Sow. 

scatellaria,  De9h. 

Cytherea  Bellovacina,  Deth. 


Dentalium. 

Olydmeris  Rotupiensis,  Mor. 
Pectunculus  terebratularis,  Lam. 
Sanguinolaria  Edwardsii,  Sow. 
Teredo  antenauts.  Sow, 
ThradaoblaU,  &>i0.? 
Teeth  of  Lamna. 


Fragments  and  pieces  of  wood  in  the  state  of  lignite,  frequently 
bored  by  the  Teredo,  are  not  uncommon,  and  in  an  ironstone  concre- 
tion I  found  a  fine  specimen  of  a  Fir  Cone  (PI.  III.  fis.  4).  This 
bed  also  contains,  nearer  to  the  Reculyers,  specimens  of  smcified  wood 
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likewise  sometimes  bored  hj  the  Teredo,  and  with  the  structure  beau- 
tifully preserved. 

The  middle  bed  "  b  "  passes  towards  Heme  Bay  into  a  dark  clayey 
sand  full  of  traces  of  vegetable  matter  and  with  a  large  number  of 
concretions  of  iron  pyrites.  This  may  possibly  represent  the  carbo- 
naceous and  fluviatile  clays  of  Upnor  and  Woolwich.  The  only 
other  fossils  I  have  found  m  this  bed  were  in  the  cliff  at  Bishopstone 
ravine.  They  consisted  of  a  few  rare  fragments  of  MyliobateSy  Eda- 
phodan,  and  Chelonia,  but  the  specimens  were  too  small  and  imper- 
fect to  distinguish  the  species.  A  few  fish-vertebrse  and  teeth  of 
Lamna  also  occur. 

The  upper  bed  "  c  "  is  an  argillaceous  green  sand  without  fossils. 

Although  rather  dissimilar  in  appearance,  the  base  of  these  three 
beds  is  nevertheless  aUke,  consisting  in  each  case  of  quartzose  sands 
and  green  sand.  This  common  character  becomes  more  apparent 
as  the  beds  trend  towards  the  Beculvers,  where  they  pass  into  a  light 
greenish  quartzose  sand  easily  separable  from  the  Basement  bed  above, 
but  without  any  well-marked  line  of  separation  from  the  Thanet 
Sands  beneath.  This  want  of  clear  divisional  surfaces,  and  the  occur- 
rence of  several  of  the  same  species  of  shells  in  the  two  series,  mi^t 
be  considered  an  objection  to  their  being  thus  separated.  The  fossils, 
however,  taken  as  a  group,  are  different  from  those  of  the  Thanet 
Sands,  whilst  the  sands  are  more  siliceous  and  contain  a  larger  pro- 
portion of  green  sand  and  some  disseminated  flint-pebbles — two  mi- 
neral  characters  deriving  some  importance  from  Uieir  breadth  and 
constancy. 

The  indistinctness  of  the  separating  surfaces  is,  I  believe,  to  be 
attributed  merely  to  the  Utholo^cal  structure  of  the  beds  ;  for,  owing 
to  the  soft  and  yielding  nature  of  the  Thanet  Sands  on  wldch  the 
sands  of  the  Woolwich  series  were  deposited,  the  upper  surface  of 
the  former  would  be  liable  to  be  moved  and  stirred  up  by  the  currents 
which  brouffht  down  the  latter,  and  as  both  must  have  been  in  the 
state  of  muddy  sand,  an  intermixture  of  the  surfaces  in  contact  would 
be  almost  inevitable.  An  illustration  in  point  is  furnished  in  the 
same  cliff-section  between  the  Bishopstone  ravine  and  the  Reculvers. 
There,  in  one  place,  a  drift  of  light  brown  brick-earth  reposes  upon 
the  Woolwich  sands.  The  difference  of  age  of  these  two  deposits 
will  not  be  disputed,  but  nevertheless  there  is  no  defined  line  of  de- 
marcation between  them,  and  the  "  Drift "  appears  to  pass  down  into 
these  old  Tertiary  beds. 

At  Richborough  the  division  of  the  Thanet  Sands  from  the  Wool- 
wich group  is  stul  less  apparent.  A  close  examination  will,  however, 
show  the  prevailing  sharp  quartzose  and  sUghtly  green-sand  character 
of  the  latter,  whilst  a  thin  seam  of  green  sand  full  of  the  Corbula 
BeffulbienM,  and  with  an  occasional  large  Cyprina,  occurs  precisely 
in  the  position  as  the  same  fossiliferous  band  at  Heme  Bay.  I  have 
recently  had  this  view  confirmed  by  the  small  but  beautiful  series  of 
fossils  obtained  from  this  bed  by  the  Rev.  James  Layton  of  Sandwich 
at  the  railway  ballast-pit,  adjoining  Richborough  Castle.  They  con- 
sist of  the  following  species : — 
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Ainpulkrui  snbdepressa,  Mwr,  Cyprimi  Morritii,  Som, 

Cardiam  Plumsteadiense,  Som.  Cytberea  Bellovacina,  Dtth. 

Laytoni,  Mor^  Dentaliam. 

Corbula  Regulbiensis,  Mw,  GlycimerU  Rntupienns,  Mor.  * 

CucQllKa  crassatina,  Lam,  Pectuncnlut  terebratularis,  X^etA. 

Cyprina  Scutellaria,  DetA.  Sanguinolaria  Edwardsii,  Mor» 

All  these  species  are  silieified,  and  many  of  them  in  the  most  per- 
fect and  delicate  state  of  preserration.  (For  the  description  of  this 
section  see  Jonm.  Geol.  Soc.  vol.  yiii.  p.  251  and  pi.  15.) 

On  Woodneshorongh  Hill  and  at  Ash  the  Woolwich  sands  are  26 
to  30  feet  thick,  and  consist  entirely  of  one  mass,  nearly  uniform 
throughout,  of  light-coloured  quartzose  sands  with  green  sand  in  dis- 
seminated grains  and  patches,  and  with  a  few  dispersed  pehbles  and 
slight  ochreous  patches  and  concretions.  No  shells  have  been  found 
at  these  latter  places,  but  Mr.  Lajton  has  procured  from  several  pits 
in  that  district,  especially  the  one  at  Marshborough,  a  number  of  spe- 
cimens of  silidfied  wood  with  the  structure  beautifiilly  preserved. 
Some  of  them  are  pierced  by  the  Teredo,  which  in  one  specimen  is 
quite  in  its  young  state,  just  adhering  to  the  wood.  These  specimens 
iqf>pear  identical  with  those  found  in  these  beds  at  the  Reculvers. 

I  have  not  met  with  any  beds  of  the  Woolwich  group  in  the  Isle 
ofThanet* 

§  3.  Organit  Remains. 

As  local  lists  of  the  organic  remains  have  been  ^ven  in  the  pre- 
ceding pages,  it  now  only  remains  to  consider  their  general  distribu- 
tion, association,  and  condition,  and  to  tabulate  the  whole. 

It  has  been  shown  that  the  Woolwich  and  Reading  series,  far  from 
being  characterized  throughout  by  similar  fossils,  exhibit  peculiar 
assemblages  in  different  districts.  Where  the  mottled  clays  prevail, 
as  over  the  greater  part  of  the  Hampshire  and  throughout  all  the 
London  district  west  of  London,  organic  remains  seem  altogether 
wanting,  with  the  exception  of  the  irregularly  distributed  layer  of 
the  "  Ostrea  Bellovacina  "  at  the  base  of  this  ^up,  and  of  the  local 
plant  remains  at  Reading,  a  few  feet  higher  in  the  series,  but  still 
near  its  base. 

The  Woolwich  beds  continue  comparatively  barren  until  they 
reach  the  neighbourhood  of  London.  Concomitant  with  the  litholo* 
gical  chanee  before-described,  the  peculiar  group  of  fresh  and  brackish 
water  shelb  of  Woolwich  appear,  and  attain  their  maximum  develop- 
ment at  London,  New  Cross,  Deptford,  Woolwich,  Bromley,  Chisel- 
borst,  and  then  decrease  in  variety  and  abundance  as  the  beds  ranfi;e 
lo  Bochester  and  Upnor.  The  species  are  not  many,  but  the  indi- 
viduals of  several  are  very  numerous. 

The  more  strongly  marked  freshwater  conditions  are  confined  to 
nearly  the  upper  portion  of  this  series  at  New  Cross  and  a  short 
distance  around,  where  the  XJnio,  the  Paludina,  the  small  Hydrobia 
Parkmwni^  and  the  Melanojms  buecinaidesare  abundant.  The  sands, 
pebbles,  and  clays  just  beneath  the  above  contain  a  more  mixed  group, 
of  which  the  prevailing  species  are  the  Cerithium  variabiles  Melania 
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inquinaia,  Neritina  globulus,  the  two  species  of  Melanopsis  and  of 
Fu8us,  the  several  species  of  Cyrena,  especially  the  C.  eordata.  Mo- 
diola  Mitchelli,  Flanorbis  hemisioma,  and  Ostrea  BelUmacina.  To 
these  succeeds  the  well-marked  and  wide-spread  Woolwich  clay-bed 
characterized  by  the  Cyrena  cunei/ormis  and  deperdita,  Hydrobia 
Parkinsom,  Melania  inquinata,  Cerithium  variabUe,  MelanopsU  buc- 
cinoides,  Ostrea  Bellovacina  and  tenera,  and  Planorbis  hetmstoma. 
The  other  species  given  in  the  list  p.  1 1 7>  as  occurring  in  this  area  (C.)» 
are  comparatively  scarce. 

Traces  of  plants  and  seed-vessels  have  been  found  in  this  series  at 
Lewisham,  apparently  nearly  in  the  same  part  of  it  as  at  Reading ; 
but  the  earliest  mention  of  plants  from  this  group  is  bv  the  late  Dr. 
Mantell,  who,  in  his  description  of  Castle  Hill,  Newhaven,  figures 
one  or  two  specimens  which  agree  apparently  with  some  of  the 
Reading  species'*'.  Coniferous  wood,  in  the  condition  of  patches  of 
lignite,  occurs  in  the  pebbly  sands  just  above  the  Thanet  sands. 

The  remains  of  vertebrate  animals  are  of  rare  occurrence.  I  have 
found  fish-bones  and  a  few  scales  in  the  Paludina-limestone  of  New 
Cross,  and  they  occasionally  occur  together  with  teeth  of  L(wma  and 
some  smaller  fish-teeth  in  some  of  the  Woolwich  beds.  Small  fish-ver- 
tebree  are  not  uncommon  at  Upnor,  where  also  the  vertebra  of  a  large 
species  oi  Lepidosteus  has  been  found.  Remains  of  the  Edaphodon 
and  Myliobates  exist  near  the  Reculvers.  Mr.  Alport  has  made 
known  the  occurrence  in  one  of  the  conglomerate  beos  of  this  series 
of  the  remains  of  a  Coryphodon  or  Lophiodon,  a  tooth  of  this  animal 
having  been  found  in  sinking  a  well  at  Sydenham  f  ;  and  Dr.  Mitchell 
alludes  in  his  manuscripts  to  the  circumstance  of  the  bones  of  some 
large  animal  baring  been  discovered  about  15  feet  beneath  the  lime- 
stone band  at  the  Counter  Hill  pits,  Deptford.  Fossils  of  this  latter 
description  have  never  come  under  my  notice^  but  it  is  to  be  observed 
that  this  pit  is  only  occasionally  opened  down  to  these  beds.  Of  the 
remains  of  Crustacea  I  have  only  found  part  of  the  claw  of  a  Crab 
at  Sundridge  Park  J. 

The  fauna  of  the  Woolwich  and  Rea4ing  series  in  this  area  (C), 
though  rich,  is  very  irregularly  distributed,  the  strata  being  by  no 
means  continuously  fossiUferous  ;  in  some  places  the  organic  remains 
are  extremely  numerous,  whilst  at  others  close  adjacent  they  are 
wanting  §.     The  fossils  are  more  persistent  in  the  clays  than  in  the 

*  '*  Geology  of  Sussex/'  p.  257,  and  pi.  8. 

t  The  Geologist,  vol.  i.  p.  66. 

X  Mr.  Rosser  has  since  found  a  similar  specimen  at  Woolwich. 

§  Although  the  pits  in  the  neighbourhood  of  London  have  been  so  long  known, 
few  additions  were  for  a  long  time  made  to  the  list  of  shells  collected  by  Par- 
kinson and  Sowerby.  Within  the  last  few  years,  however,  the  zeal  and  industry 
of  the  Rev.  Mr.  De  la  Condamine,  of  BUickheath,  has  brought  to  light  several  new 
species.  In  addition  to  the  Lepidosteus  mentioned  above,  he  has  discovered  the 
Psammobia  Coniamini,  Planorbis  ketigatust  and  a  species  of  Cj/there,  vrith  some 
peculiar  vejgetable  remains,  at  Counter  Hill,  apparently  in  or  near  the  same  bed  as 
that  in  which  Dr.  Mitchell  noticed  the  remains  of  bones.  This  Planorbis  has  been 
found  nowhere  else  in  England,  whilst  the  Psammobia  has  only  been  observed  in 
one  other  specimen  at  Upnor  by  Mr.  De  la  Condamine,  and  one  at  Newhaven  by 
myself.    The  Teredo  personata  is  a  single  specimen,  also  found  by  Mr.  De  hi 
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Bands.  With  regard  to  tbeir  state  of  preserration,  the  Paludina 
limestone  exhibits  weU-preserved  specimens.  In  the  beds  beneath 
this  there  are  considerable  bands  formed  almost  entirely  of  commi- 
nuted fragments  of  shells,  whilst  in  some  associated  beds  the  shells 
are  preserred  entire,  but  they  are  generally  very  friable.  In  the 
days,  although  not  unfirequently  crushed,  they  are  sometimes  in  an 
excellent  state  of  preservation.  In  both  these  parts  of  the  series 
the  serend  species  of  Cyrefus  are  often  found  with  their  two  Talves 
t<^ether.  This  fact  was  especially  observable  in  the  pebbly  calca- 
reous rocks  of  Deptford*,  where  scarcely  a  single  valve  either  of  the 
Cyrena  or  Modiola  is  found  separate. 

A  yery  interesting  example  of  this  description,  and  of  tranquil  en- 
tombment, has  been  pointed  out  by  Mr.  De  la  Condamine  at  Wool- 
wich, where,  in  one  part  of  the  pebbly  sands  overlying  the  bed  of 
day,  the  Cyrena  tellinella,  in  an  excellent  state  of  preservation  and 
the  two  yalves  united,  occurs  in  its  normal  yertical  position,  as  when 
living  it  bored  into  the  sands. 

The  perfect  condition  of  the  Ostrea  BeUavacina  at  Woolwich  and 
Sondriage  has  often  been  noticedf. 

In  the  neighbourhood  of  Bromley,  Chiselhurst,  and  Lewisham 
there  are  beds  or  bands  abounding  almost  exclusively  with  this 
oyster,  frequently  with  the  two  valves  united,  and  in  the  position  in 
which  it  lived.  The  lowest  bed  of  pebbly  green  sand  immediately 
overlying  the  **  Thanet  Sands  "  is  in  this  area  also  characterized  by 
the  Ostrea  Bellavadna ;  not  that  it  is  so  generally  abundant  as  in 
90me  of  the  upper  beds  of  this  group,  but  it  there  constitutes,  as  in 
the  western  area,  almost  the  sole  fossil.  It  has  been  found  in  this 
position  in  sinkina;  several  wells  in  London  (Barclay  and  Perkins's, 
Tnmian  and  Hanbury's,  the  Bank,  the  Mint,  ana  others).  It  is 
nevertheless  scarcely  ever  met  with  in  this  stratum  at  its  outcrop  in 
Kent ;  at  Erith  it  occurs  occasionally  in  this  bed  and  of  a  large  size ; 
and  I  Uiink  it  exists  also  at  Oakwells  near  Boughton.  North  of 
London  this  old  eocene  Oyster-bed  is  largely  developed  at  Northavr^ 
where  it  lies,  as  it  does  also  at  Hertford,  immediately  upon  the  chalk 
without  the  intervention  of  the  Thanet  Sands.  On  the  south  of 
London  it  is  again  fomid  overlying  the  chalk  at  Headley-on-the-hill 
and  Fetcham.  These  fossil  oysters  frequently  exhibit  a  much-worn  and 

Condamine  at  Woolwich.  The  upper  part  of  the  Woolwich  Beries  at  Lee  and 
Blackheath  has  likewise  famished  him  with  several  rare  species  of  Neritina  and  a 
Brachenx  Bueeinum,  These  latter,  together  with  some  new  species  of  Cerithmm 
and  a  Mmrex  of  the  neiffhboarhood  of  Laon,  exist  also  in  the  fine  collection  from 
the  Woolwich  pits  made  by  Mr.  Lunn.  It  was  not  until  the  recent  close  and 
earefal  investigation  of  Mr.  Rosser,  that  Cythere$  were  known  to  occur  in  such 
abundance  in  the  pebbly  sands  of  Woolwich,  together  with  well-preserved  fish- 
scales,  numerous  small  indeterminable  bones,  the  eggs  and  opercida  of  Molluscs, 
a  variety  of  small  Btyozoa,  and  Forammiftra.  These  were  chiefiy  found  in  the 
inttrior  of  the  larger  shells. 

^  In  the  railway  cutting^. 

t  Dr.  Buekland,  in  particular,  alludes  to  this  circumstance,  and  to  the  frequent 
agglutination  of  several  of  these  oysters  together  on  some  of  the  Urge  flint 
pebMes. 
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eaten  surfiice  full  of  the  small  holes  made  by  some  minate  boring 
sponge. 

The  sur&ce  of  the  chalk  beneath  the  Oyster-bed  is  frequently 
perforated  with  numerous  irregular  tubes,  running  about  6  inches  to 
a  foot  perpendicularly  into  the  chalk,  and  filled  with  green  sand  from 
the  supenncumbent  bed.  This  is  particularly  visible  at  Kembridge» 
Clfl^  Hill,  near  Newbury,  and  at  Reading. 

The  shells  in  this  area  are  found  in  all  stages  of  growth ;  many 
attain  a  large  sise.  Some  of  the  Ostrea  Bellwacina  measure  5  or  6 
inches  by  4  and  5 ;  the  Peetuneulus  1^  to  1|^  inch  in  both  direc- 
tions ;  the  Cyrena  deperdita  and  cordata  have  a  breadth  of  1  ^  inch  ; 
and  the  C  cunei/ormis  sometimes  as  much  as  2  inches ;  wlulst  the 
Melania  inquinata  is  often  2^  to  2}  inches  long,  the  Cerithium 
variabile  nearly  2  inches,  and  the  Metanapsu  1^  to  1^  inch. 

The  brown  epidermis  of  some  specimens  of  Cyrena  can  sometimes 
be  distinctly  traced,  and  the  ligament  occasionally  remains.  Some- 
times even  the  colouring  of  the  shells  has  not  entirely  disappeared^ 
and  the  fine  marking  on  some  of  the  small  NeritituB  is  often  retained. 
The  dried  animal  matter  of  the  animal  itself  is  sometimes  preserved 
in  small  brown  pieces  in  the  interior  of  some  of  the  shells.  Some 
of  the  small  seed-vessels  and  portions  of  leaves  also  occasionally 
retain  their  elasticity  and  traces  of  their  brown  colouring  matter. 

In  the  few  pits  between  Upnor  and  Bouehton,  which  exhibit 
sections  of  the  lower  part  onlv  of  the  "  Woolwich  and  Reading  series,'* 
I  have  not,  any  more  than  m  the  same  beds  at  Upnor,  been  able  to 
discover  orgamc  remains.  At  Boughton,  where  there  is  a  change 
in  the  lithological  structure  of  the  Woolwich  beds,  it  is  aooompa- 
nied  at  the  same  time  by  a  complete  alteration  in  the  organic  remains. 
All  traces  of  the  fluviatile  shells  of  Woolwich  are  lost,  and  the  equi- 
valent beds,  which  are  however  imperfectly  exposed,  appear  here  to 
be  unfossiliferous ;  but  the  light  greenish  sands  on  the  level  of  the 
pebbly  green  sands  and  Ostrea  Bellovacina  beds  of  the  central  and 
western  areas  contain,  with  a  few  of  the  Woolwich  forms,  a  new 
group  of  marine  fossUs  in  the  state  of  fine  siUceous  casts.  Several 
of  the  shells  found  here,  such  as  the  CucuUisa  erastatinay  Cythere^ 
Bellovacina,  and  Corbula  (Amouldi  ?),  are  common  to  the  under- 
lying Thanet  Sands ;  but  there  are  others  which  are  peculiar  to  these 
overlying  beds,  such  as  the  fine  Cyprina  Scutellaria^  the  Peetuneulus 
tetebratularis,  the  Cardiutn  Plumsteadiense,  and  the  Corbula  Be- 
gulbiensia. 

In  the  neighbourhood  of  Canterbury  this  division  is  unfossiliferous, 
but  in  the  cliffs  between  Heme  Bay  and  the  Reculvers  we  again 
meet  with  the  zone  of  silicified  fossils  {ante,  p.  111). 

Nearer  the  Reculvers  these  beds  contain  suicified  wood,  of  which, 
however,  better  specimens  have  been  found  by  the  Rev.  James  Lay- 
ton  of  Sandwich  m  the  pits  between  Ash  and  Wodnesborough.  The 
structure  of  this  wood  is  in  general  coniferous,  but  some  specimens 
show  a  remarkable  form  of  dicotyledonous  texture.  No  snells  are 
found  there.  At  Richborough  the  lower  part  of  this  group  again 
presents  a  thin  band  of  silicified  fossils  of  the  same  species  as  those 
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of  Heme  Bay  and  Bonghton,  and  in  a  beautiful  state  of  preservation 
with  every  marking  retained.  As  at  the  two  former  places  the  cha- 
racteristic shell  is  the  Corbula  ReguUnenns,  which  occurs  aggregated 
in  masses ;  the  CuculUea  crassatina  is  also  abundant,  as  likewise  the 
large  Cyprina  Scutellaria*.  Although  sihcified  and  hard,  they  are, 
when  first  found,  extremely  brittle ;  and  perfect  specimens,  except 
of  the  Corbula,  are  difiQcult  to  be  procured. 

In  Essex  and  Suffolk  I  have  not  been  able  to  find  any  organic  re- 
mains in  the  few  sections  exposed  in  this  division,  with  the  possible 
exception  of  an  oyster  at  Kyson.  Nor  does  the  Rev.  W.  J.  Clarke, 
who  was  well  acquainted  with  Suffolk,  mention  the  occurrence  of 
any  fossils  in  the  numerous  localities  he  describesf. 

List  of  the  Organic  Remains  of  the  Woolwich  and 
Reading  Series^. 

[The  second  column  gives  their  synonyms,  and  the  third  indicates  whether 
their  range  is  in  the  Western  (W.),  Central  (C.)>  or  Eastern  (£.)  areas. 
See  the  area-divisions  in  p.  7B.  The  "  n.  sp.'*  refer  to  the  new  spe- 
cies described  by  Mr.  Morris,  and  figured  in  PL  II.  of  this  volame.] 


Biyalves. 


Area  depressa,  Soto 

Cardium  Laytoni,  Mor.,  n.  sp. . . 

Plumsteadiense,  Sow.  (a), . 

Corbula  (Amouldii,  NysH)  (A). . 

Regulbiensis^Jf or.  (c),n.sp, 

var.  /9.  Mor 

Cncnlliea  crassatina.  Lam,   . . . . 
Cyprina  Morrisii,  Soto 


Scutellaria,  Desk 

Cyrena  cordata  (d),  Mor,,  n.  sp. 

cuneiformis,  F& 

deperdita.  Sow 

intermedia,  MeU 

tellinella.  Desk 

Cytherea  Bellovacina,  Desk.  (e). 
Dreissena  serrata,  MeU,  ?  (f)*  •  •  • 
Glydmeris  Rutu^nensb,  Mor.  . . 

Lithodomus   

Modiola  Mitchelli,  Mor.  (^),n.  sp. 

dorsata,  Mor.,  n.  i»p 

Nucula  fraffilis^  Desk 

Ostirea  Bellovacina,  Desk 

tenera.  Sow 

Pholas?   


A.  striatularis,  Melleville?. . . 
C.  senUgranutosum,  Desh.  n.  Sow. 


C.  decussata^  Park.,  r 

Venus  ovalis,  Sow.  M.  C.  pi.  567. 
fig.  2,  non  fig.  1  7 

non  C.  Scutellaria,  Nyst 

an  C.  obovata,y9i.  a.  Sow.  pars  ? 
Cyclas  (2eper<^Va,Pk.text,nonfig. 
non  C.  deperdita,  Desh.  or  Park, 
an  C.  DeshayesU,  H6b 


C.  orbicularis,  Mor. 


C. 
E. 

C.E. 
E. 
E. 
C. 
E. 
E. 

E. 

C. 

C. 

C. 

C. 

C. 

E. 

C. 
C.?E. 

£. 

C. 

C. 

C. 
W.C. 

C. 

C. 

*  Some  specitnefis  of  this  shell  measure  4  inches  hy  3. 

t  The  receat  section  at  Chelmsford  (Artesian  well,  Appendix)  wonld  seem  to 
show  that  shells  do  there  exist.  I  was,  however,  unable  to  see  the  specimens, 
or  to  learn  exactly  whether  any  had  been  kept.  They  would  probably  be  crushed 
by  the  auger,  as  the  bore-hole  was  very  small. 

t  1  have  to  express  my  obligations  to  Mr.  Morris,  Mr.  Edwards,  and  M.  Des- 
hayes  for  their  kind  aid  and  assistance  in  the  comparison  of  many  of  these  fos- 
sils.  To  Mr.  Morris  I  am  further  indebted  for  the  description  of  the  new  species. 


O.pulchra,  edulina,  undulata,  S. 
0.  angusta  kplicatella,  Desh.  ? 
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Pectonculus  terebratularit,Lib.(&) 
P8aminobia7Condfimini,Afor.,ii.8. 
Sanguinolaria  Edwardsii,  Afor. . . 

Ter^na  penonata.  Desk 

Teredo  antenautse.  Sow, 

Unio  ipenhvyem^Watelet  ?)  (t). . 
Thiada  oblata,  Sow 


P.  PlwnsteadiensiM,  Sofw 


Teredo  antenautit,  S.,  par8,f.4-8 
JWd.fig.1-3 


Lutraria,  Sow. 


UniYalves. 


AmpuUariasubdepreasa,  Mor,,  n.8. 
Atincula  pynnsa,  Mor.,  n.  sp.. . 
Buccmum   (Pseudoliva)  fissura- 

tum,  Desk,  ?  (j) 
Calyptnca  trochifonniB,  Lam.  . . 
Centnium  Limnii,  Afor.,  n.  tp.. . 

mdle,  Mor.,  n.  sp 

Bowerbankii,  Mor.,  n.  sp.. . 

Tariabile,De«A.,var.  c^fy^g, 


Dentalium 

Fusus  latas.  Sow,  (<) . 


gradatus,  Sow,  (m)   

-~— ^  planicostatus,  Mell.  ?    .... 
Hy  diobia  Parkinsoni  (n )  Jlf or.,  n  .s. 

Wcbsteri,  3for.,  n.  sp 

Melania  inquinata,  D^,    

Melanopsis  ancillaroide8(o),  DA.? 
—  buccinoides,  F&,  (p), . . . 
Murex  foliaceus,  MelL  ?    .... 
Natica  glaucmoides.  Sow,  (yar.  ?).. 


Neritina  conspbrina,  F& 

globulus,  Drf. 

pisiformis,  ¥& 

vicina,  Mell.  ?  (9) 

Paludina  lenta,  S,,  var.  /9.  Afor.  (r) 

Patella    

Planorbis  bemistoma.  Sow.  , , 
Isevigatus,  Desk,  ? 


InfundUfuhtm  ecAmt^afimi,Sow. 


C.  {Potamides)  fimatnm,  tnter- 
medium  Sf  fitmculatum,  Sow.(ib) 


F.  deceptus,  Desb. ;  an  Bvect- 
ntim  gnmulosum,  Mell.  7 


Cerithium  melanoides.  Sow.   . . 
M.funformis,  Sow.,  pars,  f.  3-5. 


non  N.  glaucinoides,  Desh. ;  an 
N,  kieUataf  Lam. 


N,  uniplicata.  Sow.. . 
or  N.  omata,  Mell.  7 


Entomostraca*. 

CytbereWetberellii,/oiief.  PI.  III. fig.  9    ... 

Kostelensis,  Reuss,  sp.  PI.  III.  fig.  10  • 

pUcata,  Afitiwf .    PI.  III.  fig.  11 

angulatopora,  Reuss,    PI.  Ul.  f 

(Cytiieridea)  Mullen,  Mwnst.    PF.  III.  fig.  7 

var.  torosa,  Jones,    PL  III.  fig.  8 

Candona  Ricbardsoni,  Jones,  PI.  III.  fig.  13 

Foraminifera. 


C.E. 

C. 

E. 
C.E. 

£. 

C. 

E. 


E. 
C. 
C. 

C. 

c. 
c. 
c. 
c. 

E. 
C. 

C. 

C. 
C- 
C- 
C- 

c. 
c. 
c. 
c. 

c. 
c. 
c. 
c. 
c. 
c. 
c. 
c. 


;.12. 


c. 
c. 
c. 
c. 
w.c. 
c. 
c. 


Globulina W. 

Nodosaria  baciUum,  D^ £. 

*  For  the  determination  of  this  and  the  following  group,  I  am  entirely  indebted 
to  Mr.  Rupert  Jones. 
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TnincatulinA    C. 

Tcxtukria C. 

Globigerina C. 

Pisces. 

Edaphodon  (not  detenninable) £. 

Lamna  (Odontaspis)  [L.  Hopei  and  dubia,  Agas.  ?]  («) W.  C.  £. 

Lepidosteua,  n.  sp.    P\,  III.  fig.  1. C. 

Myllobates  (not  determinable) £. 

Small  undeterminable  teeth,  scales,  and  vertebrae  and  other 
bones    C.  £. 

Miscellanea. 

Lophiodon  or  Coryphodon,  (koen,  Brit,  Foss,Mam.  p.  306. f.  106        C. 

Chekmia  (firagments  of  carapace)     W.  £. 

Cancer  (part  of  claw) * C. 

Spicola  of  Sponge £. 

Serpula,n.ro.  PL  II.  fig.  26 C. 

MiotMcopic  Bryozoa  (Lunulites  urceolatus,  fragments) C. 

Flustra C.  E. 

Opercnla  (of  Cerithium  ?) C. 

Eggs  of  MoDascs  ? C. 

Wood,  coniferous W.  C.  £.  ^ 

dicotyledonous  E. 

Impressions  of  leaves  and  seed-vessels  (PI.  III.  figs.  4-6,  and 

PL  IV.) W.C.E. 

NOTES. 

(a)  M.  Deshayes  figures  a  specimen  from  the  "  Sables  Inf/rieurs  "  of  Bra- 
cheux  which  he  calls  the  C.  senUgranulosum,  Sow.,  and  gives  as 
synonjrmous  the  C.  Plumsteadiense  of  the  same  author.  M.  Deshayes' 
specimens  must,  however,  be  probably  referred  only  to  the  latter 
spedes  of  Sowerby ;  the  first-named  species  of  Sowerby  is  not  therefore 
iaentical  with  the  species  to  which  M.  Deshayes  gives  that  name. 

(6)  These  occur  only  in  casts,  which  on  a  previous  occasion  were  referred 
to  the  C.  globosa.  Sow. ;  but  this  shell  is  more  equivalved  and  less 
globcMC  than  the  Barton  species,  and  more  resembles  the  French  spe- 
cies, which  is  found  in  the  "  Areile  plastique  "  of  Rilly,  and  has  been 
described,  but  not  figured,  by  Nyst. 

(c)  This  shell  was  first  rderred  to  C.  revohUa,  Sow.,  of  Barton,  but  it  is 
more  equivalved  and  the  beak  is  less  incurved.  In  my  paper  on  the 
Thanet  Sands  it  was  considered  as  the  C.  longirostris,  Desh. ;  but  this 
shell,  which  M.  Deshayes  quoted  from  the  "  Sables  Infdrieurs "  of 
Bracheux,  was  figured  from  a  bad  specimen,  and  the  name  has  since 
been  restricted  b^  this  able  conchologist  to  the  species  from  the  Gr^s 
Movens  of  Beauchamp.  The  former  is  therefore  undescribed,  and  is 
_OTo{iably  the  same  shell  as  that  here  described  and  named. 

(rf)  With  the  exception  of  the  C.  cuneiformis  and  teUinella,  which  are  well- 
marked  species,  these  Cyrena  form  a  very  perplexing  group.  The 
other  three  species  here  given,  although  in  many  cases  presenting  well- 
marked  and  distinct  characters,  pass  commonly  into  forms  so  nearly 
resembling  one  another  and  the  C.  cunetformis,  that  I  almost  hesitate 
to  adopt  the  specific  distinctions  here  given.  They  have,  however,  been 
adopted  after  a  long  and  careful  comparison  of  a  very  large  series. 
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(«)  The  artist  had  lo  badly  represented  the  figure  of  the  Frendi  spedes, 
that  it  was  not  until  the  specimens  were  compared  that  the  mistake 
of  naming  it  anew  could  be  discovered. 
(/)  This  shell  is  here  in  too  imperfect  a  state  to  admit  of  a  positive  deter- 
mination. 

(s)  There  are  two  French  species,  the  Dreissena  antiqua,  MeU.,  and  Mo- 
diola  angulafis,  Desh.,  which  reouire  comparison  with  this.  They 
are  both  found  in  the  "  Sables  Infi^rieurs,"  but  I  have  not  met  with 
them ;  and  although  the  figures  anid  descriptions  do  not  quite  agree,  I 
suspect  a  closer  resemblance  than  is  apparent. 

(4)  The  P.  terebratmlaris  is  a  ver}r  variable  shell.  M.  Deshayes  has  in  his 
"  Co(|uilles  Fossiles  "  quoted  it  from  Bracheux  and  from  Etampes,  but 
has  smce  restricted  it  to  the  former  locality,  and  therefore  to  the 
*'  Lower  Tertiaries."  This  species  apparently  indudes  the  P.  Phtm- 
tteadiensia  and  P.  brevirostris  of  Sowerby. 

(t)  This  has  been  referred  to  the  17.  Solandri,  but,  as  well  as  the  crushed 
and  imperfect  state  of  the  spedmen  wUl  allow  us  to  judse,  incor- 
rectly;  it  rather  closely  resembles  the  French  spedes  which  has  latdy 
been  figured  by  M.  Watelet  from  the  "  Lignites  "  of  the  Soissonnais. 

(J)  This,  which  is  a  yery  rare  shell  at  Woolwich,  is  referred  with  a  doubt  to 
a  French  spedes  that  it  seems  identical  with,  except  that  it  is  ahravs 
very  much  smaller.  This,  however,  may  arise  from  the  more  fresh- 
water conditions  at  this  locality. 

(Jk)  These  spedes  of  Sowerbv,  although  now  considered  only  as  one,  form, 
as  do  also  his  spedes  of  the  Ostrea,  well-marked  varieties  constant  in 
most  cases  to  different  beds  of  the  Woolwich  and  Reading  series,  and 
caused  apparently  by  this  difference  of  habitat. 

(/)  The  Btfcctiiiim  ambiguum^  Desh.,  also  resembles  some  varieties  of  this 
shell,  to  which  I  have  abo  referred  the  B,  gramUosum  with  a  doubt. 
Ebiving  seen  M.  Deshayes'  spedmen  of  the  Fusus  deceptus,  I  have 
little  hesitation  in  identifVing  it  with  the  Woolwich  spedes. 

(m)  Sowerby  gave  originally  tour  spedes  of  Fiuus  from  Woolwich.  Two 
of  these  hiave  since  been  excluaed,  and  upon  comparing  a  large  series 
of  these  other  two  spedes,  I  cannot  feel  satisfied  that  even  thcnr  are 
distinct.  The  F.  gradahu  seems  to  me  to  be  the  young  of  the 
F.latui. 

(»)  Several  very  small  univalves  are  figured  by  Deshayes  and  MeUeviUe 
from  the  Lower  Tertiaries  of  France.  I  cannot  quite  identify  any  of 
them  with  the  Woolwich  spedes,  although  I  suspect  that  some  of  them, 
espedaUy  the  Melania  trUacea,  Desh.,  and  the  Paludina  nUUola  and 
iniermema,  Mell.,  may  prove  to  be  the  same.  From  the  figures  of 
Deshayes,  the  Woolwich  spedes,  however,  seem  to  have  a  c^Mer  re- 
temblauce  to  some  specimens  from  the  Calcaire  Lacustre  of  St.  Ouca 
and  Montmorency. 

(o)  M.  Deshayes  has  specimens  of  this  shell  from  the  Lignites  of  the  Sois- 
sonnais, and  it  appears  to  resemble  some  of  the  Woolwich  specimens. 
It  is  difficult  however  to  distinguish  the  spedes  of  this  genus,  and  al- 
though at  Woolwich  there  seems  at  first  sight  to  be  two  or  three  spe- 
des, it  is  doubtfrd  whether  they  will  not  all  prove  varieties  of  the  next 
spedes. 

(p)  Tnis  is  a  venr  variable  shell,  the  fusiform  variety  being  the  specimens 
figured  by  Sowerby  as  the  M.  jMs{formU.    This  latter  must  however, 
I  think,  be  confined  to  the  fluvio-marine  series  of  the  Isle  of  Wight. 
(q)  This  and  the  preceding  spedes  require  comparison  with  the  French  spe- 

dmens,  as  the  figures  given  of  them  are  not  suffidently  distinct. 
(r)  It  is  doubtful  whether  &is  may  not  be  a  different  species;  but  in  this. 
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'ms  in  the  other  freshwater  species,  the  distincdon  between  the  older 

and  the  newer  forms  is  remarkably  small,  a  fact  which  can  be  readily 

understood  when  it  is  considered  how  many  of  the  Woolwich  species 

were  onginally  identified  with  species  of  the  Up{)er  Eocene  fluvio- 

marine  beds  of  the  Isle  of  Wight.    The  representative  forms  of  these 

two  periods  present,  in  fact,  a  remarkable  and  close  analogy. 

(f )  Three  varieties  of  the  teeth  of  Lamna  are  found,  two  of  them  bearing 

a  elose  resemblance  to  these  two  London  clay  (Sheppey)  species,  but 

they  do  not  seem  to  me  to  be  quite  identical.    They  may,  however, 

only  be  varieties. 

In  addition  to  the  fossils  of  the  foregoing  list,  the  following  species  hi^ve 

been  quoted  from  Woolwich  upon  the  authority  of  the  early  numbers  of  the 

'  Mineral  Concholo^,'  but,  I  believe,  in  error,  which  has  been  partially 

corrected  in  a  later  mdex. 

Qrrvsa  (Cyclas)  obovata,  var.,  Min.  Con.  pi.  162.  figs.  4  to  6.    Confined 

to  the  Middle  and  Upper  Eocenes  of  Hampshire. 
FWks  (BuccMmm)  labiaius,  Min.  Con.  pi.  412.  figs.  1,  2.    Confined  to  the 

3fiddle  and  Upper  Eocenes  of  Hampshire. 
Mekmopsis  fusiformis,  Min.  Con.  pi.  332.  figs.  1  to  7.    Confined  to  the 

Middle  and  Upper  Eocenes  of  Hampshire. 
NeriHua  coneiiva,  Min.  Con^l.  385.  figs.  I  to  8.    Confined  to  the  Middle 

and  Upper  Eoeenes  of  Hampshire. 
Potamomfa  (Mya)  plana^  Min.  Con.  pi.  76.  fig.  2.     Confined  to  the 

Middle  and  Upper  Eocenes  of  Hampshire. 
Ptuus  co9tatus  p.  (Murex  rugosus.  Park.},  Min.  Con.  pi.  199.  fig.  2.  Con- 
fined to  the  Crag. 
The  Bev.  H.  M.  De  la  Condamine  has  also  nven,  in  his  paper  before  re- 
ferred to,  eight  species  of  shells  and  one  of  Ibamna  from  Woolwich  and 
Blackhealh  not  in  the  above  list,  and  which,  I  think,  he  will  now  a^ree 
with  me  have  been  introduced  by  some  error  in  the  specific  determinations 
which  it  is  desirable  to  correct,  in  order  to  prevent,  as  is  the  case  with  the 
above,  any  confusion,  or  difficulty  to  subsequent  observers. 

The  Corbula  revohUa,  Sow.,  has  been  quoted  from  Heme  Bay.  It 
should  be  confined  to  Barton  and  Hampshire. 

§  4.  Lithological  Structure, 

It  happens  with  this,  as  with  the  preceding  chapter,  that  the  de- 
scriptions of  the  several  local  sections  embrace  the  mention  of  almost 
all  the  varieties  of  mineral  character  presented  by  this  group,  and 
render  it  therefore  mmecessary  to  give  more  than  a  general  summaiyy 
and  to  allude  to  a  few  special  points  of  inqnii^ :  of  these  may  in  par- 
ticular be  instanced  the  origm  of  the  Druid  sandstones  of  Marl- 
borough Dovms  and  Salisbury  Plains,  and  of  the  Hertfordshire 
Pudding-stones. 

Viewed  as  a  whole,  the  Woolwich  and  B.eading  series  consist, 
I  St,  of  mottled  clays,  tenacious,  free  from  carbonate  of  lime,  and 
with  a  prevailing  red  base ;  2nd,  of  sharp  light-colonred  quartzose 
sand,  more  or  less  mixed  vrith  green  sand  and  with  flint-pebbles. 
These  two  component  parts  usuafiy  form  distinct  and  separate  beds, 
extremely  irregular  in  their  range  and  development ;  the  clays  pre- 
▼ailiug  almost  to  the  exclusion  of  the  sands  in  the  Isle  of  Wight  and  in 
part  of  the  Hampshire  district,  and  the  sands  increasing  as  the  group 
trends  through  Wiltshire,  Berkshire,  and  Surrey,  but  thick-bedded 
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mottled  clays  still  preponderating,  until,  on  the  confines  of  Sorrej  and 
Kent,  Middlesex,  and  Essex,  the  latter  are  rather  abruptly  displaced  by 
the  sandsy  which  finally  in  East  Kent  prevail  exclusively.  The  two 
principal  subordinate  features  are,  1st,  the  occurrence  of  rolled  flint- 
pebbles,  black,  and  worn  perfectly  smooth  and  rounded*,  usually  of  a 
small  size,  -|^  to  2  inches  m  longest  diameter,  but  occasionally  attain- 
ing a  length  of  10  to  15  inches.  These  pebbles  are  generally  di- 
spersed in  layers  or  imbedded  in  the  sand,  but  they  are  in  few  cases 
associated  with  the  clay  beds.  It  is  within  the  area  wherein  the 
change  from  mottled  clays  to  sands  takes  place  that  the  pebbles  are 
developed  in  their  greatest  profusion,  forming  at  those  places  thick 
and  extensive  beds  of  shingle.  To  the  eastward  beyond  this  area 
the  sands  are  still  characterized  by  dispersed  pebbles,  whilst  to  the 
westward  of  it  the  pebbles  are  restricted  to  a  thin  bed,  either  just 
overlying  the  green-coated  flints  which  repose  on  the  chalk,  or  else 
intermingling  with  these  flints.  2nd,  Green  sand,  which  is  usually 
either  disiseminated  in  dispersed  trains,  or  else  occurs  in  small  patches 
or  seams,  and  is  chiefly  confinea  to  the  lower  portions  of  this  divi- 
sion, and  at  the  base  of  which  it  forms,  mixed  with  clay  and  per- 
oxide of  iron,  a  thin  and  nearly  constant  layer.  In  Kent  this  green 
sand  exists  in  larger  proportion,  often  constituting  irr^;ular  beds 
of  light  green  sands,  wnich  are  never,  however,  persistent  over  any 
wide  range,  and  are  always  subordinate  to  the  light  quartzose  sands. 
These  erains  of  green  sand  vary  in  size  from  a  pin's  point  to  a  pin's 
head,  the  larger  ones  being  botryoidal-shaped,  of  a  malachite-green 
colour,  and  rather  soft.  These  green  grains  have  usually  been  indis- 
criminately referred  to  Chlorite  and  Green  Earth,  but  the  physical 
characters  of  these  grains  differ  so  widely, — some  being  li^ht  green, 
soft,  opake,  and  earmy,  whilst  others  are  very  hard,  of  a  dark  green 
or  nearly  black  colour,  translucid,  and  show  facets, — that  I  would 
suggest  whether  or  not,  in  addition  to  the  former  of  these  minerals, 
there  may  not  be,  mixed  with  the  common  quartzose  sand,  debris  of 
Hornblende  and  Pyroxenesf  in  this  state  of  small  grains. 

As  minerals  of  more  local  occurrence  may  be  noticed,  1st,  The 
peroxide  of  iron,  occasionally  ^ving  an  ochreous  and  ferruginous 
colour  to  the  strata,  and  sometimes  cementing  the  sands  into  thin 
tabular  iron-sandstones.  2nd,  The  hydrated  peroxide  of  iron,  or 
limonite,  in  concretions,  and  occasionally  forming  ochres.  3rd, 
Iron  pyrites,  which  is  of  comparatively  rare  occurrence  except  in  the 
mixed  green  sands  of  Heme  Bay.  4tn,  Carbonate  of  lime,  which  in 
this  group  must  be  considered  as  quite  a  subordinate  mineral,  being 
almost  altogether  restricted  to  the  central  area  beneath  and  around 
London,  occasionally  acting  as  a  cement  to  some  of  the  sandstone 
conglomerates,  and  sometimes  forming  an  extremely  hard  fine-grained 
concretionary  rock.  5th,  Carbonaceous  clays,  and  thin  bands  or  rather 

*  Some  of  these  pebbles  are  tbivered  and  broken  in  situ  (usually  by  pressure). 
Others  again  haye  been  broken  before  1)eing  rolled  into  tbeir  present  position, 
presenting  a  fractured  surface  with  the  sharp  edges  worn  off. 

t  I  tiave  not  had  time  to  proceed  further  in  this  inquiry,  which  is  one  of  con- 
siderable interest  in  a  theoretical  point  of  view. 
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patches  of  lignite,  are  occasionallj  met  with  in  the  lower  part  of  the 
mottled  clays ;  hut  they  occur  more  commonly  in  association  with 
the  fluviatile  heds  of  Woolwich :  they  do  not  possess  any  importance, 
although  occasionally  expanding  in  some  places  to  the  thickness  of 
a  few  feet,  but  are  more  often  measureable  by  inches.  The  local 
sections  and  details  (^  3.)  gire  some  of  the  main  points  of  its  oc- 
currence •. 

It  is  at  the  base  of  this  division  that  I  should  place  the  Webaterite 
and  Hydrate  of  Alumna  found  by  Dr.  Man  tell  at  Castle  Hill,  New- 
haven.  I  have  since  found  the  latter  with  the  pebbles  and  fl^ts  in 
immediate  contact  with  the  chalk,  at  Northaw. 

Small  crystals  of  sulphate  of  lime  occur  occasionally  in  the  clays 
and  sands  of  the  fluviatile  group.  A  thin  seam  of  clay  found  b^ 
Mr.  De  la  Condamine  at  Counter  Hill,  showed  on  the  faces  of  lami- 
nation a  surface  covered  with  very  small  sharp  cavities,  formed  appa- 
rently by  crvstals  of  selenite  havmg  been  dissolved  out.  I  have  not 
met  with  selenite  in  the  mottled  clays. 

A  singular  fact  was  noticed  a  few  years  since  in  the  *  Annales  des 
Mines,'  in  connection  with  the  mottled  clays  of  the  ''Argile  Plastique" 
of  the  Paris  basin,  viz.  that  they  contained  a  very  considerable  pro- 
portion of  gelatinous  or  soluble  siUca,  t.  e.  silica  in  an  active  chemical 
state,  and  soluble  in  alkaline  solutions  without  fusionf.  I  have  recently 
tested  the  mottled  clays  from  various  places  in  the  London  district, 
and  find  that  they  also  contain  this  gelatinous  siHca,  which  can  be 
readily  separated  out  by  boiling  in  a  solution  of  caustic  potash.  The 
proportion,  however,  is  very  variable.  This  peculiar  condition  of  the 
sili^  has  ap  important  theoretical  bearing. 

§  5.  Druid  Sandatanea, 

The  position  in  the  Tertiary  series  which  should  be  assigned  to 
the  large  blocks  of  white  saccharoid  sandstone  found  scattered  over 
the  sumce  of  many  parts  of  the  chalk  districts,  and  met  with  occa- 
sionally within  the  tertiary  area  itself,  has  long  been  and  still  re- 
mains an  unsettled  question.  As  these  isolated  blocks  are  always 
siliceous,  not  unfrequently  exhibit  traces  of  rootlet-like  impressions, 
and  occasionally  contain  round  flint-pebbles  and  subangular  slightly 
worn  flints,  they  present,  with  the  latter  exception,  a  lithological 
structure  very  similar  to  that  of  the  blocks  found  irregularly  dispersed 
sometimes  in  the  lower,  but  more  especially  in  the  upper  division  of 
the  Bagshot  Sands  between  Esher  and  Strathfieldsaye ;  and,  as  no 
other  tertiary  formation  presents  on  first  appearance  so  goods  jirtift^ 
facie  right  of  possession,  they  were,  in  the  absence  of  aU  distinct  or- 

^  It  U  too  ibpore  for  use.  At  Lewisham  a  heap  of  pyritout  lignite  which 
bad  been  thrown  on  one  &de»  caught  fire,  and  burnt  for  several  months.  It  was 
the  occasional  occurrence  of  lienite  in  these  heds,  here  and  at  BUckheath,  that 
gave  rise  to  the  popular  belief  of  coal  beds  existing  at  the  latter  place. 

t  This  was  in  1846.  The  first  notice  of  this  peculiar  condition  of  silica  is, 
I  bdieve,  that  by  M.  Sauvage  in  1840  (Ann.  des  Mines),  when  he  detected  the 
pretence  of  it  in  some  of  the  beds  of  the  lias  and  in  some  beds  between  the  Chalk 
and  the  Gault 
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ganisms  to  assist  in  the  determinatioD,  generally  referred  t6  the  agi* 
of  those  sands*.  The  weight  of  evidence  is  however,  I  think,  against 
the  origin  usuaUy  assignc^d  to  them,  although  that  evidence  is  cir- 
cumstantial rather  than  direct. 

In  the  first  place,  if  they  were  derived  from  the  Bagshot  Sands, 
it  is  difficult  to  conceive  why  thev  should  not  be  scattered  as  com- 
monly over  the  generally  broad  belt  of  London  clav  intervening  be- 
tween the  area  of  the  Bagshot  Sands  and  the  Chalk,  as  they  are 
over  the  area  of  the  latter ; — that  connecting  links  should  not  have 
been  left  between  the  parent  beds  and  the  groups  of  greyweathers 
scattered  over  Marlborough  Downs  and  the  Chiltem  HUls.  But  no 
such  general  phsenomedon  is  exhibited  within  the  London-clay  area. 
It  is  nirtber  to  be  observed,  that  the  Bagshot  Sands  (the  lower  divi- 
sion) themselves,  although  well  developed  between  Strathfieldsaye 
and  Newbury,  do  not  in  that  district  contain  any  large  blocks  of 
sandstone  f.  In  Kent,  over  no  part  of  which  county  do  the  Bag- 
shot  Sands  extend,  the  Druid  sandstone  is  abundant  on  many  parts 
of  the  chalk  hills.  No  fringe,  in  fact,  of  detached  sandstone  blocks 
skirts  the  Bagshot  Sands,  whereas  wherever  such  scattered  groups 
do  occur  they  invariably  subtend  either  the  main  body  or  detached 
outliers  of  the  Lower  Tertiaries. 

Oh  some  of  the  high  bills  towards  the  borders  of  the  extensive 
chalk  downs  forming  Salisbury  Plains,  especially  to  the  northward 
and  eastward  of  Amesbury,  or  between  that  town,  Bedwin,  and 
Kingsclere,  cappings  of  the  lower  tertiary  sands  and  clays  are  not 
uncommon ;  whilst  other  hills,  where  no  mass  of  tertiaries  remain, 
show  by  the  presence  of  numerous  tertiary  flint-pebbleB  on  tlieir 
summit  the  wreck  of  tertiary  strata  once  spread  over  this  area.  The 
drift  of  the  district  also  often  abounds  with  these  characteristic 
pebbles.  At  Marlborough  the  tertiary  strata  range  up  close  to  where 
the  dispersed  blocks  of  sandstone  commence.  A  ridge  of  hills 
formed  of  these  lower  tertiaries  on  a  base  of  chalk  dominates  over 
the  platform  of  the  latter  formation  for  some  miles  in  a  direction 
W.N.W.  from  Newbury.  As  it  trends  westward  the  bed  of  sand 
immediately  over  the  chalk  expands,  becomes  extremely  white  and 
pure,  and  in  one  place,  just  below  Wickham  Church,  contains  at 
Its  base  a  few  seams  of  pebbles  and  worn  subangolar  flints.  It  is 
precisely  the  unconsolidated  substance  of  the  Druid  sandstone ;  still 
I  could  not  find,  nor  had  the  foreman  who  had  worked  twenty-one 
years  in  some  adjoining  pits  ever  found,  a  block  of  sandstone  tn  situ 
in  the  sands.  But  then  it  must  be  considered  how  small  an  extent 
of  this  bed  is  opened  out, — only  two  or  three  regularly  worked  |>it8 
in  the  distance  of  six  miles, — and  the  extremely  small  proportion 

*  Not,  however,  universally  so :  by  some  geologists  the  origin  of  these  blocks 
lias  l)een  correctly  referred  to  the  "Plastic  Clay  Formation/'  but  no  proofs  have 
yet  been  offered  in  support  of  the  suggestion. 

f  So  rare  is  it,  in  fact,  to  find  any  blocks  of  stone  in  that  part  of  the  countrr, 
that  a  small  mass  of  about  a  foot  square,  lying  on  the  gravel  of  Silcfaester  Com- 
mon, has  been  considered  of  sufficient  importance  to  have  a  local  name  assigned 
to  it—"  The  Nymph  Stone." 
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this  bears  to  the  mass,  in  which  these  concretions  are  of  a  merely 
local  and  rare  occurrence.  Nevertheless  on  the  slopes  of  this  ridge, 
especially  along  its  south-western  flank,  the  number  of  blocks  of 
Druid  sandstone  scattered  over  the  surface  of  the  ground  just  below 
the  outcrop  of  the  sands  b  very  considerable ;  as  they  become  more 
numerous  they  also  become  lareer.  These  hills,  if  prolonged,  would 
pass  by  Lamboume  six  miles  mrther  to  the  N.W.,  and  it  is  on  the 
downs  about  that  villaee  that  the  Druid  sandstones  are  particularly 
numerous  and  large.  That  the  tertiary  strata  ranged  in  that  direo- 
tbn  is  proved  by  a  few  traces  of  them  yet  remaining  *, 

Again,  in  Buckinghamshire,  Oxfordshire,  and  Hertfordshire,  ney- 
weatnor  sandstones  and  pudding-stones  occur  in  districts  throughout 
which  are  scattered  numerous  outliers  of  the  Lower  Tertiaries,  once 
continuous  over  the  whole  area,  and  in  the  wreck  of  which,  at  their 
denudation,  these  blocks  seem,  as  in  Wiltshire,  to  have  been  left 
behind.  So  also  with  the  large  accumulations  of  sandstone  blocks 
on  the  north  downs  above  Maidstone. 

If  therefore  we  admit  the  distribution  of  the  Druid  sandstones  to 
be  in  accordance  with  the  range  of  the  Lower  London  Tertiaries 
rather  than  with  that  of  the  Bagshot  Sands,  the  next  question  is  to 
ascertain  what  evidence  there  is  of  the  occurrence  in  ntu  of  similar 
masses  of  stone  in  the  different  groups  of  the  former  series. 

1.  With  r^ard  to  the  Thanet  Sands : — ^Although  often  presenting 
&voarable  elements,  and  occasionally  semi-indurated,  they  are  rarely 
consolidated.  At  the  Reculvers,  however,  they  contain  a  bed  of 
concretionary  sandstone;  but  it  has  a  calcareous  cement,  contains 
no  pebbles,  and  exhibits  frequently  the  impressions  of  shells  ; 
whereas  the  erratic  sandstones  of  Kent,  Bucks,  and  Wiltshire  are 
ndther  calcareous  nor  fossiliferous,  and  are  not  uncommonly  sub- 
conglomerate.  Further,  the  Thanet  Sands  do  not  range  more  than 
six  to  ten  miles  westward  of  London.  It  is  therefore  not  probable 
that  the  Druid  sandstones  belong  to  beds  of  this  age. 

2.  The  Basement-bed  of  the  London  Clay  presents  a  very  small 
development  westward  of  London,  and  although  concretionarv  blocks 
are  often  found  in  it,  they  are  all  comparatively  of  so  small  a  size, 
besides  being  generally  calcareo-argillaceous,  and  almost  invariably 
fossiliferous,  that  it  is  not  in  this  direction  we  must  look  for  the 
origin  of  these  sandstones.  But  to  the  eastward  of  London  this  bed 
becomes  more  important,  and  at  Boughton  it  contains  a  subordinate 
bed  of  a  siliceous  sandstone,  often  extremely  hard,  very  local  and 
Tery  variable,  and  of  a  character  which  would  harmonise  perfectly 
wdU  with  some  of  the  blocks  on  the  slopes  of  the  East  Kent  Chalk 
ranges. 

3.  My  belief,  however,  is  that  the  greater  portion  of  the  blocks 
known  as  Druid  Sandstones,  Greyweathers,  Sarsen  Stones,  and 
Pudding-stones  are  derived  from  the  middle  division  of  the  Lower 
London  Tertiaries.  It  is  very  rarely  that  solidified  portions  of  the 
strata  are  found  in  titu,  but  the  same  difliculty  occurs  in  as  great 

*  At,  for  insttnce,  at  liquid  Farm,  five  miles  W.N.W.  from  Wickham. 
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a  degree  with  the  sandstones  of  the  Bagshot  Sands.  As  usual  with 
concretionary  masses^  they  occur  in  patches  in  particohir  districts,  and 
are  far  from  being  a  general  accompaniment  of  the  sands.  In  Hamp- 
shire I  know  only  of  one  group  of  them  which  has  the  appearance  of 
being  tn  9itu,^  the  one  before  referred  to  (p.  8 1 )  as  occurring  near  Dor- 
chester*. Still  the  case  there  is  not  clear,  in  the  western  part  of 
the  London  tertiary  district  the  middle  division  of  the  Lower  Tertiaries 
always  contains  more  or  less  extensive  beds  of  quartzose  sand,  with 
patches  or  layers  of  pebbles  in  the  lower  part  more  especially  of  the 
group,  while  patches  of  subangular  flints  are  also  occasionidly  met 
with;  consequently  we  have  the  elements  necessary  to  produce  the 
required  results  whenever  circumstances,  as  might  so  ea»ly  happen, 
occurred  to  consohdate  the  materials.  Although  instances  of  this  fact 
are  not  numerous,  still  they  are  in  sufficient  number  to  prove  the  pro- 
babiUty  of  the  supposition. 

On  the  eastern  slope  of  Bagshot  Hill,  near  Hungerford,  there  is  a 
spot  from  which  blocks  of  sandstone  and  of  sandstone  conglomerate 
have  been  removedf.  This  pit,  which  is  now  abandoned,  is  so  shallow 
as  not  to  show  the  superposition  of  the  beds :  they  appear,  however, 
immediately  to  overlie  the  chalk.  The  case  is  clearer  at  Nettlebed 
Hill ;  I  have  there  seen,  a  few  feet  above  the  chalk,  blocks  of  sand- 
stone, some  of  large  size,  tn  situ  in  the  sands  interstratified  with  the 
mottled  clay  (see  fig.  4.  p.  89). 

At  Tiler's  Hill  near  Chesham  the  white  quartzose  sand  underlying 
the  Basement-bed  of  the  London  clay  contains  a  thin  subordinate 
band  of  a  soft  saccharoid  sandstone.  Near  Batler*s  Green,  two  and  a 
half  miles  northward  from  Elstree,  Herts,  there  existed  a  few  years 
since  a  shallow  pit,  in  which  beneath  the  gravel  there  was  exposed  a 
surface  of  thick  tabular  pudding-stone  overlying  the  chalk  and  ap- 
pjarently  in  situ,  A  bed  perfectly  identical  in  composition,  i.e.  con^ 
sisting  of  a  fine  pure  white  quartzose  sand  full  of  black  flint  pebbles, 
but  not  consolidated,  was  opened  a  few  years  ago  in  a  pit  one  and  a 
half  mile  from  Ware,  on  the  London  road  :  it  was  3  feet  thick,  re- 
posed directly  on  the  chalk,  and  underlay  some  sandy  mottled  clays. 
Blocks  of  sandstone  and  of  sandstone  conglomerate  are  also  found  in 
the  sands  subordinate  to  the  mottled  clays  beneath  the  London 
clay  at  Pinner  (see  p.  91).  These  cases  are  few  and  local,  but  so 
also  is  the  distribution  of  the  greyweathers  themselves,  and  it  is  to 
be  observed  that  the  occurrence  of  the  latter  is  exactly  coincident 
trith  the  development  and  preponderance  of  the  sand  \)eds  of  the 
mottled  clay  series.  Thus  around  Reading,  where  mottled  days 
preponderate,  there  are  few  sandstone  blocks  on  the  surrounding 
chalk  hiUs  ;  but  in  proceeding  towards  Newbury  the  clays  g^ve  way 
to  sands,  which,  three  miles  north  of  that  town,  constitute  the  main 

*  In  Ilampsbire  the  Bncklesham  series  contains  several  solid  seams,  both  in 
the  Isle  of  Wight  and  the  Isle  of  Porbeck,  yet  but  few  blocks  are  found  scattered 
on  the  surface.    The  chief  one  is  that  known  as  the  Agglestone,  near  Studland. 

t  I  am  indebted  for  a  knowledge  of  this  locality,  and  for  much  other  informa- 
tion respecting  Salisbury  Plains  and  the  Wiltshire  Downs,  to  Mr.  W.  Cunnlngton 
of  Devizes. 
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feattire  of  this  series.  At  Newbury  the  proportion  of  sands  de- 
creftses,  but  these  beds  again  become  more  important  in  proceeding 
from  Newbury  towards  Marlborough.  Now  it  is  precisely  in  these 
directions  that  the  blocks  of  greyweather  sandstone  set  in  and  attain 
their  greatest  development'''.  On  the  hills  above  Goring  sandstone 
blocks  are  not  uncomnuHi ;  and  I  have  here  recently  found  the  mottled 
days,  associated  with  a  Uiick  bed  of  white  quartzose  sand*  ranging 
close  to  the  edge  of  the  chalk  escarpment  from  Woodcot  Common  to 
near  Combe  End  Farm.  Crossing  the  goree  of  the  Thames  the  same 
beds  are  found  capping  the  hills  at  Bassudon,  and  a  trace  of  them 
apparently  exists  near  Aldworth.  In  fact,  throughout  the  chalk 
district  of  Wilts,  Berks,  Oxfordshire,  Bucks,  Herts,  and  Kent,  the 
tertiary  outliers  are  far  more  common  than  has  been  supposed.  Thev 
distinctly  show  the  former  spread  of  the  Lower  Tertianes,  the  Wool- 
wich and  Reading  series  especially,  over  the  whole  area,  up  even  to 
the  very  edge  of  the  chalk  escarpment. 

In  the  direction  of  High  Wycombe  and  Nettlebed  the  sand  beds 
are  again  in  excess.  On  the  chalk  hills  above  Bradenham,  three 
miles  northward  of  the  former  town,  sandstone  blocks  are  very  nu- 
merous, and,  although  enveloped  in  a  ferruginous  clay-drifl,  they 
are,  I  beHeve,  nevertheless  nearly  in  aituf.  Around  Hedgerley  and 
Uxbridge,  where  mottled  days  prevail,  few  sandstone  blocks  occur. 
In  the  neighbourhood  of  flfatfield,  Hertford,  and  Ware,  the  sands 
of  the  Beading  series,  perfectly  white  and  siliceous,  are  often,  if  I 
may  use  the  expression,  glutted  with  flint-pebbles ;  it  is  over  this 
area  more  particularly  that  the  Hertfordshire  pudding-stones  are  so 
abundant. 

Beneath  and  also  to  the  south  and  south-east  of  London,  a  very 
hard,  light-coloured,  fine-grained,  calcareo-argillaceous  rock,  usually 
without  fossils,  is  often  present  in  the  lower  part  of  the  Woolwich 
beds  just  under  the  shelly  clays.  This  bed,  however,  rarely  exceeds 
the  limits  of  the  fluviatile  and  estuarine  clays,  and  forms  tl^erefore  a 
mere  local  feature.  At  Gravesend  we  find  in  nearly  the  same  position 
a  thin  tabular  layer  of  hard  siliceous  sandstone.  These  agree  with  the 
numerous  thin  hard  tabular  pieces  of  sandstone  found  scattered  over 
the  surface  of  the  ground  around  Apchurch  near  Sittingboume. 
On  the  hill  above  Stifford  Bridge,  Essex,  where  the  lower  tertianes 
were  cut  through,  there  are  a  few  blocks  of  pudding-stone.  In  the 
neighbourhood  of  the  conspicuous  tertiary  outlier  at  Cobham  near 
Gravesend,  large  mammillated  blocks  of  siliceous  sandstone  are  com- 
mon on  the  (malk  hills.  Blocks  of  a  larger  size,  but  more  even- 
surfaced,  abound  on  the  downs  above  JVuudstone;  they  are  also 

*  The  remarkable  and  thick  trail  of  sandstone  blocks  in  the  valley  of  rocks  near 
MariboroQgh  is  well  known.  Many  other  valleys  in  that  district,  as  those  to  the 
tooth  of  Kast  and  West  Kennet,  Dean,  Clatford,  and  others,  exhibit  the  same 
pfamonsena,  although  not  on  so  larg^  a  scale.  The  hills  on  the  sides  and  at  the 
beads  of  these  narrow  vales  are  also  strewed  over  with  numerous  detached  blocks. 

t  At  Walter's  Ash  and  Napple  Common ;  they  are  equally  abundant  on  Denner 
HiU,  three  miles  west  from  Great  Missenden. 
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numerous  in  many  places  between  this  spot  and  the  downs  above 
Folkestone,  as  near  Charing.  On  the  chalk  hills  sloping  from  this 
line  of  escarpment  down  to  the  Thames,  such  masses  are  likewise 
common. 

It  is  possible  that  in  Kent  the  upper  and  lower  divisions  of  the 
Lower  Tertiaries  may  have  partially  contributed  to  the  supplv  of 
these  dispersed  sandstone  blocks ;  but  on  the  hills  of  Hertfordshire, 
Oxfordshire,  and  Wiltshire,  and  the  extensive  elevated  chalk-platforms 
forming  Salisbury  Downs,  where  these  masses  are  occasionally  so 
numerous,  I  believe  that  they  are  all  derived  from  the  middle  division 
of  the  Lower  Tertiaries,  outliers  of  which  still  remain  to  prove  the 
former  extension  of  these  strata  over  those  areas,  for  they  have,  wiUi 
these  few  exceptions,  been  wholly  removed  by  subsequent  denudation*. 

The  absence  of  all  organic  remains,  so  peculiar  a  feature  of  the 
sands  of  the  Woolwich  and  Reading  group  westward  of  London, 
strengthens  the  supposition  of  these  equally  unfossiliferous  sandstones 
being  derived  from  this  source  f. 

With  the  large  softer  masses  of  saccharoid  sandstone  of  Salisbury 
Plains  and  Marlborough  Downs,  there  are  however  found  a  number 
of  small  blocks  and  pieces  of  a  very  fine-grained,  hard,  compact,  sili- 
ceous sandstone  generally  of  peculiar  botryoidal  forms,  not  conglome- 
rate, and  often  with  traces  of  long  rootlet-like  processes  ^ ;  but  I  have 
not  seen  such  rock-spedmens  in  the  Lower  Tertiaries  §,  nor  have  I 
been  more  successful  in  finding  them  tVt  ntu  in  the  Bagshot  series. 
Their  age  must  be  considered  uncertain ;  at  the  same  time  the  occur- 
rence of  specimens  with  these  rootlet-like  processes  weighs  certainly 
in  favour  of  their  ori^  from  the  Bagshot  Sands,  as  we  know  that 
similar  impressions  exist,  although  very  rarely,  in  the  blocks  of  sand- 
stone found  in  the  Upper  Bagshot  Sands.  But  in  the  sands  or  the 
laminated  clays  associated  with  them  such  impressions  are  not  met 
with,  although,  as  in  the  Lower  Tertiaries,  impressions  of  plants  and 
leaves  have  been  found.  These  rootlet-like  casts  and  impressions 
are,  however,  organisms  too  indistinct  to  be  of  any  definite  valne  as  a 
proof  of  age. 

As  before  observed,  much  weight  must  not  be  attached  to  the  rarity 

*  It  may  be  objected  that  no  blocks  of  sanditone  ire  now  found  scattered  o^er 
the  surface  of  Salisbury  Plains.  They  are  certainly  scarce,  but  I  have  found  a  few 
in  the  valleys,  although  generally  there  hidden  by  the  drift.  Their  very  scarcity 
ha%  however,  probably  hastened  the  destruction  of  the  few  that  have  existed,  and 
have  been  used  for  various  economical  purposes. 

t  At  least  the  only  exception  is  the  occasional  bed  of  the  0$ir€a  BeOotaeiam 
and  shark's  teeth  at  the  base  of  this  series,  but  the  concretionary  masses  and 
the  white  sands  occur  more  in  the  body  of  the  strata.  Still,  traces  of  these  fossils 
may  possibly  be  found  in  some  of  the  blocks  around  Newbury,  or  in  some  of  the 
Hertfordshire  pudding-stones ;  but  hitherto  no  such  impressions  have,  I  believe, 
been  met  with. 

t  They  are  common  also  in  the  flint-gravel  of  the  valleys  of  the  district. 

§  That  is  to  say,  in  the  district  westward,  of  London.  The  fine-grained  hard 
concretionary  stone,  before  mentioned  (p.  103)  as  occurring  in  the  Woolwich  series 
beneath  or  near  London  (Charlton),  sometimes  presents  however  a  ytrj  similar 
appearance  and  fracture. 
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of  conctetionary  sandstones  in  the  sections  and  cuttings  of  the  Lower 
Tertiaries.  In  the  Bagshot  Sands  themselves  they  are  confined  to  a 
comparatively  small  ran^  of  conntry,  and  even  in  that  district  I  have 
never  seen  them  in  sanc^pits  or  road-side  cutting.  They  are  sought 
out  specially  at  a  few  spots  on  the  hills  hy  dippmg  iron  rods  into  the 
sands.  A|^n,  although  at  and  near  London  the  Lower  Tertiaries 
so  often  contain  subordinate  concretionary  or  conglomerate  rocks, 
how  rarely  do  such  masses  show  at  their  outcrop :  at  Snndridge  only 
are  some  of  these  latter  beds  worked. 

The  flint-gravel  which  caps  the  hills  aronnd  Newbury  contains  a 
few  rather  large  specimens  of  the  harder  sandstones,  but  the  gravel 
of  that  ffystem  of  valleys  which  wind  down  from  the  chalk  hUls  on 
the  north-west  of  Newbury  abounds  with  such  blocks,  together  with 
a  good  many  lar^  blocks  of  the  more  saccharoid  and  softer  stones. 
The  course  of  this  drift  is  towards,  and  not  from,  the  area  of  the 
Bagshot  Sands ;  and  as  we  have  no  proof  of  the  extension  of  this 
formation  over  the  Chalk  Downs,  whereas  we  know  that  detached 
outliers  of  the  Lower  Tertiary  sands  extend  far  over  those  hills,  we 
should  expect  to  find,  in  the  drift,  the  debris  derived  from  the  latter 
and  from  the  chalk,  and  not  from  the  Bagshot  Sands.  Whence 
also,  as  well  as  from  their  association,  I  am  inclined  to  consider  that 
both  descriptions  of  sandstones  are  derived  from  the  Lower  Tertiary 
sands. 

Further,  admitting  the  fact  of  an  occasional  and  local  consolidation 
of  the  sand  beds  of  the  Lower  Tertiaries,  we  have  an  drpriori 
argument  in  favour  of  the  whole  group  of  the  Druid  Sandstones  of 
WOts,  Hants,  Bucks,  and  Kent,  and  of  the  Pudding-stones  of  Herts, 
being  derived  from  this  source,  from  the  circumstance  that  the 
fitholoffical  structure  of  each  variety  is  respectively  in  accordance 
with  the  mineral  components  forming  the  strata  in  the  immediate 
vicinity  of  the  places  where  these  rock-blocks  are  found  ;  t.  e,  that 
the  concretionary  stone  in  each  case  represents  the  component  parts 
of  some  portion  of  the  adjacent  "  Woolwich  and  Reading  senes," 
with  the  difference  that  they  are  consolidated. 

This  conclusion  is  corroborated  by  the  very  definite  and  distinct 
proofs  furnished  by  the  cliffs  of  St.  Marguerite  near  Dieppe.  We 
there  find  the  Woolwich  fluviatile  clays  with  the  Cyrena  cuneiformis. 
Melania  inquinata,  and  Cerithium  variabile  underlaid  by  a  bea 
of  whitish  quartzose  sand  reposing  upon  a  very  uneven  surface  of 
the  chalk.  The  section  is  between  one  and  two  miles  in  length, 
alchot^h  it  is  only  near  the  Ughthouse  (le  phare  d'Ailly)  that  the 
fluviatue  beds  exist.  These  sands  contain  m  several  parts  of  the 
section  subordinate  blocks  of  a  white  saccharoid  concretionary  sili- 
ceous sandstone,  which  is  worked  to  some  extent,  and  affords  masses 
frequently  measuring  many  feet  in  length.  These  sandstones  also 
often  contain,  like  the  Druid  sandstones  of  Wilts,  rolled  flint-pebbles 
and  st&bangular  flints.  As  these  beds  are  evidently  a  prolongation  of 
the  Woolwich  beds  on  the  Sussex-district  type,  the  phsenomena  thus 
exhibited  in  the  neighbourhood  of  Dieppe  may  fairly  be  admitted 
in  collateral  proof  of  the  argument  with  respect  to  the  origin  in  this 
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country  also  of  the  Druid  Sandstones  from  beds  of  the  age  of  the 
''Woolwich  and  Reading  series*." 

§  6.   Canelusion. 

The  sectional  diagrams,  A,  B,  C,  PI.  I.,  which,  owing  to  the  want  of 
some  connecting  links,  were  not  completed  until  after  the  preceding 
pages  were  written,  confirm,  in  mj  mind,  by  the  structural  fitness  of 
their  parts,  the  connction,  before  expressecC  and  deriyed  from  litko- 
losical  and  palaeontological  eyidence,  of  the  independencef  of  the 
"Middle  diyision  of  the  Lower  London  Tertiaries,"  with  rmrd  to 
the  "  Thanet  Sands," — the  latter  forming  a  distinct  and  underlying 
marine  deposit ;  and  that,  notwithstanding  the  nearly  total  difference 
of  all  its  characters,  the  estuarine  and  freshwater  group  of  fossiliferous 
strata  at  Upnor  and  Woolwich  must  be  regarded  as  strictly  syn- 
chronous with  the  unfossiliferous  mottled  clays  of  Alum  Bay,  Reading, 
and  Hedgerley.  Cases  are  common  where  such  changes  of  condition, 
as  those  displayed  in  this  '*  Woolwich  and  Reading  dirision,"  take 
place  in  particular  beds  of  a  series ;  in  this  instance,  howeyer,  the 
alteration  affects  the  whole  depth  of  the  group,  not  as  a  recurring 
change  at  different  periods,  but  as  a  maintained  development  at 
different  places.  It  shows  an  accumulation  of  materials  not  widiin 
the  range  of  a  single  riyer  action,  howsoever  variable,  but  of  con- 
temporaneous strata  deriving,  in  the  same  sea,  suppUes  from  different 
and  independent  sources.  Still,  notwithstanding  the  variable  cha- 
racter of  the  mass  as  a  whole,  there  are  two  subordinate  features,  the 
one  mineral  and  the  other  palaeontological,  sufficiently  well  maintained, 
although  not  constant,  over  both  the  Reading  and  the  Woolwich 
areas  to  afford  a  common  base-line.     It  }ias  been  shown  that  the 

*  I  find  that  M.  Passy,  in  his  *  Descrip.  G^L  da  D^p.  de  la  Seine  Inf(£rieare  * 
(Rouen,  1832),  takes  the  same  view  of  the  relation  of  the  "  Grey-weathers  "  of 
Wiltshire  and  of  the  '*  Or^  It  silex  pyromaqnes "  of  the  Dieppe  Cliffk,  drawing 
his  condnsions,  however,  with  respect  to  the  former,  simply  firom  their  lithological 
resemblance  to  the  latter  (pages  127-131). 

t  At  all  events  so  far  as  the  central  and  eastern  areas  are  concerned.  The  only 
point  about  which  1  feel  slightlv  doubtful,  is  whether  some  of  the  thick  pebble 
beds  under  and  around  Shooter  s  Hill  Vnay  not  belong  to  the  upper  part  of  the 
"Woolwich  series,  rather  than  to  the  Basement  of  the  London  Clay,  inasmuch  as  the 
character  of  the  former  is  so  variable  as  often  to  render  it  lithologically  undi^ 
stinguishable  from  the  latter,  except  when  seen  in  actual  superpoution,  and  for  this 
extremely  few  opportunities  occur.  For  the  same  reason  the  beds  which  at  Upnor 
and  Heme  Bay  I  nave  included  in  the  '*  Basement-bed  "  may  also  possibly  bdong 
to  the  upper  section  of  the  Woolwich  series,  in  which  case  the  Basement-bed 
itself  might  be  considered  in  this  area  to  merge  into  the  thin  seam  oi  sandy  day 
(with  fossils  at  Upnor  and  with  a  few  pebbles  at  Heme)  just  at  the  base  oi  the 
great  mass  of  the  London  Clay.  It  is  also  difficult  to  say  positively  whether  some 
lower  portion  of  the  Reading  series  may  not  possibly  be  synchronous  with  the 
Thanet  Sands.    In  the  absence  of  sections  whidi  alone  could  cleariy  settle  thil 

rint,  I  have  given  the  best  condnsion  I  could  arrive  at  upon  collateral  evidence, 
mention  these  doubts,  which,  however,  do  not  affect  the  soperpositibn  and 
grouping  of  the  three  divisions  here  proposed,  although  it  would  mopfy  the  exact 
fines  of  separation,  in  order  to  direct  attention  to  any  new  facts  which  noay  arise 
to  throw  light  upon  those  questions  where  I  consider  the  evidence  not  quite 
conclusive. 
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20  feet  of  pebbly  light  greenish  sands  OTerlying  the  Thanet  Sands 
in  West  Kent,  consist  of  a  clear  sharp  quartzose  sand  mixed  more  or 
leas  with  grains  of  green  sand,  flint  pebbles,  and  argillaceous  matter. 
Now,  although  the  latter  are  almost  always  present,  still  the  pro- 
portion of  them  becomes  in  places  so  small  that  their  presence  is  not 
readily  iq>parent,  and  a  bea  of  sand,  more  or  less  pure  and  white, 
remaiiis.  The  great  development  of  pebbles  in  this  bed  takes  place 
in  the  neighbourhood  of  London.  As  the  beds  range  eastward  they 
pass  into  sands,  often  apparently  forming  with  the  "  Thanet  Sands 
one  nearly  undistinguishable  mass  ;  and  in  the  same  way  as  they  range 
westward  they  occasionally  put  on,  from  this  loss  of  the  pebbles  and 
green  grains,  almost  exactly  the  characters  presented  by  the  Thanet 
Sands  at  Woolwich  and  Lewisham,  and  for  which  they  have  hitherto 
been  mistaken.  Still,  on  the  whole,  the  presence  at  the  base  of  the 
Woolwich  and  Reading  series  of  slightly  argillaceous  sands,  more 
or  less  mixed  with  green  sand  and  flint  pebbles,  is  a  most  per- 
manent lithological  character  of  this  division.  We  have,  further, 
some  evidence,  scanty  though  it  is,  of  organic  remains,  the  Ostrea 
Bellovaeina  and  teeth  ofLamna  occurring  at  intervals  at  the  base  of 
the  mottled-day  series  of  Reading,  from  Hungerford  and  Newbury 
to  Headley,  Hanwell,  Northaw,  and  Hertford,  and  again  beneath 
London  (sections  in  Appendix),  where  the  mottled  clays  of  Readine 
become  intercalated  with  the  fossiliferous  beds  of  Woolwich ;  and 
farther  eastward  in  the  same  position  at  the  base  of  this  series 
at  Erith,  where  the  Woolwich  type  alone  obtains.  This  organic  link 
does  not  extend  farther  eastward,  unless  the  Ostrea  at  Oakwell 
should,  when  better  specimens  are  obtained,  prove  to  belong  to  that 
species ;  but  the  teeth  of  Lamna  are,  however,  met  with.  Under 
ordinary  circumstances  but  Uttle  weight  could  be  attached  to  the 
evidence  of  two  such  fossils,  or  of  such  common  mineral  characters ; 
•till,  when  we  take  into  consideration  the  chances  of  their  associa- 
tion, their  conjoint  evidence  becomes  of  much  greater  value,  although 
after  all  the  aid  of  superposition  is  necessary.  On  Uiese  data 
taken  together,  the  pebbly  sands,  with  their  zone  of  O.  Bellovacina, 
may  be  considered  as  a  sufficienUy  definite  and  well-marked  horizon 
between  the  Woolwich  and  Reading  series  and  the  Thanet  Sands* 
In  the  neighbourhood  of  London  this  lowest  bed  of  the  Woolwich 
series  further  shows,  by  the  occasional  presence  of  the  Cyrena  cunei- 
formU^  Melania  inquinata^  and  Cerithium  variabile,  a  fauna  distinct 
from  diat  of  the  Thanet  Sands ;  but  in  East  Kent,  where  the  change 
of  condition  between  the  two  periods  is  not  so  marked,  part  of  the 
marine  fauna  of  the  latter  is  continued  upwards  into  the  former 
deposit,  many  species  of  which  may  be  particularly  specified,  the 
CucuUaa  erassatina,  Sanguinolaria  Edwardmi,  Corhula  RegulbiensUt 
Cyprina  Morrisii,  Thraeia  oblata,  Cytherea  Bellovacina,  Ampullaria 
subdeprewa,  and  GlyeimerU  Rutupiefisis,  passing  from  the  Thanet 
Sands  into  the  Woolwich  series.  Other  species^  however,  as  the 
Panoptea  grantdata,  Pecten  Prestvichii,  Photadomya  cuneata  and 
Kcmnekii,  Scalaria  Bowerbankih  Traphon  subnodosiim,  and  Leda 
suhstriuta,  do  not  extend  higher  than  the  *' Thanet  Sands/'  whilst 
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several  new  species,  including  the  fine  large  Cyprina  seuteVaria^  the 
Pectunculua  terebratularis  and  Cardiutn  Plumsteadiense,  and  some 
peculiar  fossil  woods,  make  their  first  appearance  in  the  Woolwich 
group.  The  Corbula  RegulhiensU,  which  is  comparatively  rare  in  the 
Thanet  Sands,  hecomes  also  most  ahundant  in  places. 

This  fauna  is,  in  East  Kent,  confined  to  the  lowest  hed  of  the 
Woolwich  series.  The  upper  heds  are  unfossiliferous,  with  the 
exception  of  the  rare  occurrence  of  the  small  fragments  of  the 
Myliobates,  Etlaphodon,  and  Chelonia,  As  we  approach  London, 
however,  the  middle  and  upper  members  of  this  deposit  become  well 
marked  by  their  organic  remains.  Of  the  marine  fauna  of  Heme 
Bay,  the  Corbula  RegulbiensUy  Nucula  fragilU,  Cardiutn  Plum- 
steadiense,  and  Pectunculus  terebratularis  (Yar.Plumsteadiejisut),  occur 
at  Woolwich  and  Bromley,  whilst  in  addition  to  this  group  we  have 
the  remarkable  locai  development  of  those  estuarine  and  more  fresh- 
water forms, — the  Cyrena,  Paludina,  Melania,  Melanopsis,  Planer  bis, 
Unio,  and  Neritina.  These  latter  forms  prevail  more  especially  in 
the  centre  of  this  division,  in  that  portion  of  it  so  well  exhibited  at 
Woolwich,  extending  beneath  London  on  one  side,  and  stretching  to 
Upnor  on  the  other.  Above  these  Woolwich  clays  in  the  same 
central  area  are  beds  with  a  more  estuarine  fauna  at  first,  but 
showing  as  they  pass  upwards  conditions  still  more  freshwater  than 
those  which  prevail  in  the  beds  beneath.  To  this  upper  part  of  the 
series  belong  the  Paludiua-limestone  and  the  Unio  bed  at  New  Cross. 
As  this  series  trends  towards  London  all  the  members  of  it  disappear 
and  are  replaced  by  mottled  clays  and  sands,  the  Woolwich  clays 
being  alone  prolonged,  and  forming  beneath  London  a  single  fos- 
siliferous  zone  distmctly  intercalated  between  two  masses  of  the 
mottled  clays  (see  Well-sections,  Appendix).  This  is  shown  in  the 
sectional  Diagrams  A  &  C,  PI.  I. ;  but  to  the  south  of  the  line  here 
intersected  we  find  another  zone  of  the  Cyrena,  Melania,  and  Osirea, 
intercalated  on  a  higher  level  with  these  mottled  clays,  and  of  which 
examples  are  found  in  the  sections  at  Balham  Hill,  Wandsworth, 
and  Mitcham  (Appendix).  It  is  only  by  connecting  these  beds  by 
underground  sections  that  the  probable  position  of  the  well-known 
Sundridge,  Bromley,  and  Chiselhurst  beds  may  be  inferred ;  for, 
owing  to  the  want  of  surface-sections,  no  direct  connection  can  be 
established  between  the  beds  of  the  Woolwich  and  Sundridge  pits ; 
but  if  we  pass  round  by  London,  Clapham,  Wandsworth,  Mitcham,  and 
Croydon,  we  find  this  upper  zone,  at  first  only  slightly  developed, 
assuming  as  it  trends  southward  and  then  south-eastward  an  increased 
importance,  and  eventually  expanding  and  replacing  the  upper  group 
of  sands  and  mottled  clays,  whilst  on  the  contrary  the  underlying 
lenticular  mass  of  Woolwich  clays  thins  out  and  is  replaced  by  mottled 
clays,  so  that  this  division  then  presents  a  large  development  of 
mottled  clays  below,  with  shelly  estuarine  clays,  Hmestones,  and  con- 
glomerates above.  I  believe  that  the  insulated  shell-bed  at  Guildford 
belongs  to  this  upper  series.  Here,  as  before  mentioned,  the  traces 
of  animal  life  are  confined  merely  to  a  thin  superposed  layer.  Beyond 
both  to  the  westward  and  northward,  the  great  bulk  of  the  sands  and 
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mottled  days,  which  now  preyail  exclusively,  are  perfectly  barren ; 
and  the  contrast  which  they  afiPord  with  the  common  occurrence  of 
organic  remains  in  the  field  we  have  just  quitted  is  very  striking, — 
the  more  so  from  the  circumstance  of  the  unfossiHferous  masses  pre- 
ponderating so  largely,  and  the  fossiliferous  beds  being  confined  to  so 
comparatively  small  an  area  of  the  Woolwich  and  Reading  series. 

It  is  this  Woolwich  and  Reading  series  which,  of  all  the  Lower 
Tertiaries,  presents  the  greatest  resemblance  in  France  and  England. 
The  mottled  days  of  Paris  and  Montereau  are  not  to  be  distinguished 
from  those  of  BLeading  and  Newbury,  whilst  the  Melania  inquinata, 
Neritina  globulus,  Melanopns  buccinoides,  Ostrea  Bellavacina,  Ce- 
rithium  variabiles  and  Cyrena  cuneiJbmUs,  constitute  at  Epemay, 
Soissons,  and  Dieppe,  as  at  Woolwich  and  Upnor,  the  common  and 
characteristic  species  of  the  fluviatile  and  estuarine  areas  of  this 
period. 

The  total  number  of  Molluscs  found  in  the  "  Woolwich  and  Read- 
ing series"  amounts  to  53,  of  which  25  are  peculiar  to  it,  whilst  of 
the  remaining  28  spedes  12  are  found  in  the  "  Thanet  Sands,"  22 
range  up  into  the  "  Basement-bed  of  the  London  Clav,"  and  6  are 
common  to  the  three  divisions.  Again,  taking  these  three  divisions 
of  the  "Lower  London  Tertiaries"  toother,  the  species  of  fossil 
shells  now  enumerated  from  them  amounts  to  as  many  as  82,  of 
which  29  are  found  in  the  '*  Basement-bed  of  the  London  Clay," 
23  in  the  "Thanet  Sands,"  and  53,  as  mentioned  above,  m  the 
Woolwich  and  Reading  series*.  Further,  of  these  82  species  27  range 
up  into  the  London  Clay,  and  6  have  a  frirther  extension  upwards 
into  the  middle  Eocenes,  whilst  55  spedes  are  peculiar  to  these 
Lower  London  Tertiaries.  A  fauna  of  this  class  and  of  this  extent 
(and  which  I  beUeve  is  yet  far  from  being  fully  worked  outt)>  in 
addition  to  which  there  is  to  be  noted  a  not  inconsiderable  list  of 
Entomostraca,  Foramini/era,  and  Plants,  entitles,  I  consider,  these 
Lower  London  Tertiaries  to  a  more  important  and  independent  posi- 
tion than  has  hitherto  been  assigned  to  them. 


*  A  further  examination  of  some  of  the  spedes  enumerated  in  my  lists  of  fossils 
of  the  Basement-bed  of  the  London  CUiy  and  of  the  Thanet  Sands,  has  shown  the 
necessity  of  an  alteration  in  the  determination  of  some  of  the  species  which  were 
then  identified  with  known  species  of  some  of  the  more  important  overlying 
Eocene  deposits;  amongst  these  there  wiU  be  found  in  the  first-named  list 
(Joorn.  GeoL  Soc.  vol.  vi.  p.  281,  Table  A.)  the  species  given  in  the  fint  column; 
the  second  column  gives  the  corrections. 

CorbuUreToIut.,&«-.    I     c.  iIey«iW«m.  (.eenote  c,  p.  119). 


longirostris,  Deih,  J 

Cyrena  obovata,  var.  Sow, 


C,  eordata  (note  d,  p.  119). 


And  in  the  second  list  (Joum.  Geol.  Soc.  vol.  viii.  p.  248), — 


Dentalium  nitens,  Sow. 
Corbula,  as  above. 
Cytherea  orbicularis,  Mor, 


This  identification  is  doubtful. 
C.  Betlovaeina,  Desh. 


t  In  addition  to  the  above  there  are  about  20  to  25  specimens  of  apparently 
new  species,  but  not  in  a  state  sufficiently  perfect  to  determine. 
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In  my  lust  pftper  on  the  llianet  Sands  I  showed  the  probalnlibr  of 
the  Wodden  elevation  haying  commenced  at  that  early  Tertiary 
period ;  and  of  a  small  island,  without  any  important  riyer,  having 
existed  somewhere  in  the  central  position  of  the  present  Wodd.  It 
was  farther  shown  that  the  Thanet  Sands  present  in  part  of  their 
range  a  worn  and  eroded  upper  surface,  (m  which  the  Woohricfa 
series  reposes.  Now  as  that  surface  was  one  of  saud»  the  edge  of 
which  would  have  heen  softened  even  hy  a  small  and  prolonged 
ordinary  quiet  action  of  the  sea  currents,  whidi  would  also  have 
produced  an  intermixture  of  the  two  heds,  I  conceive  that  where 
there  is  erosion  and  clear  demarcadon  the  change  has  been  sndden 
and  abrupt ;  but  where  on  the  contrary  there  is  a  passi^  in  the 
beds,  as  for  example  at  Heme  Bay,  we  must  suppose  a  point  more 
distant  from  the  centre  of  disturbance,  and  where  the  change  both 
in  lithological  structure  and  in  the  fauna  only  became  apparent  sub- 
sequently, as  the  new  order  of  things  graduaUy  prevailed  over  the 
preceding  one.  Where,  therefore,  we  have  phenomena  of  this  de- 
scription, and  a  distinct  alteration,  taken  as  a  whole,  in  the  Uthc4o- 
gtcu  structure  of  the  beds  above  and  below  such  divisional  lines,  I 
cannot  but  think  that,  however  slight  those  alterations  may  be,  they 
indicate  a  change  in  the  hydrographical  condition  of  the  then  exist- 
ing land  and  sea  caused  by  movements  sudden  and  powerful  in  pro- 
portion to  the  effects  exhibited  on  the  pre-existing  sea-bed  by  the 
scouring  power  of  the  sea  daring  the  translation  of  its  mass ;  whilst 
the  permanent  alterations  in  mineral  composition  show  that  su<^ 
effects  were  not  transitory  or  momentary,  inasmuch  as  they  led  to 
maintained  changes  in  the  nature  of  the  materials  carried  down 
from  the  land  or  worn  from  the  cliffs,  indicating  in  fact  a  different 
arrangement  of  the  rivers  and  the  coast  lines.  In  this  case  the 
change  is  proved  also  by  the  alteration  in  the  character  of  the  orga- 
nic remains,  which  in  the  lower  sands  (Thanet  Sands)  are  marine, 
whilst  the  Woolwich  series  contains  a  superimposed  group  of  estua- 
rine  and  flaviatile  shells. 

That  the  pebbles  were  rolled  from  time  to  time  into  the  position 
in  which  they  are  now  found,  and  that  they  were  not  worn  there,  may 
be  inferred  from  the  fact  of  their  association  with  delicate  and  friable 
sheUs  which  have  remained  uninjured  amongst  them ;  from  Molluscs 
having  bored  undisturbed  into  the  bed  of  mixed  sand  and  pebbles ; 
from  Oatrea  and  SerpuUe  having  so  often  attached  themselves  to,  and 
grown  upon,  some  of  the  pebbles  ;  and  from  the  circumstance  that 
broken  pebbles  occasionally  occur,  the  fractured  surfaces  of  which 
only  show  worn  edges,  with  no  approach  to  a  restoration  of  the 
pebble  form*. 

*  The  sand  of  the  Woolwich  Series  I  have  heard  attributed  to  the  wear  and  de- 
struction of  the  chalk-flints  which  produced  the  pebbles.  That  a  certain  quantity  of 
sand  resulted  from  such  an  action  it  inevitable,  hut  that  the  whole  mass  was 
derived  from  that  source  cannot  be.  The  grains  of  the  sand  consist  utually  of 
pure  transpftrent  quartz,  worn  but  not  rounded.  The  presence  further  of  graiaa 
of  Chlorite  and  other  allied  minerals  shows  that  there  were  other  sources  of  supply 
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The  preYttiling  set  of  the  curreuts  or  tide  is  shown  bj  the  pre- 
▼aiUi^  dip  of  the  layers  of  false  stratification  being  northwara,  or 
from  off  the  presumed  island,  at  angles  varying  from  10^  to  35^. 

Theirr^olarity  of  this  river-accumulation  is  shown  in  the  extreme 
irregularity  of  the  beds,  which  constantly  exhibit  the  shifUngs  and 
changes  seen  in  the  sand-banks  of  existing  estuaries.  Not  only  are 
the  several  members  of  the  "  Lower  London  Tertiaries  "  divided  by 
irregolar  surfaces,  but  the  Wootwich  series  itself  often  presents  in  its 
central  area  instances  of  its  several  beds  being  deposited  upon  slightly 
eroded  surfaces  one  of  another. 

Further,  the  occurrence  of  LithodomuB  in  the  eastern  area,  and  of 
Pkolas  in  the  central  area,  shows  the  near  proximity  of  a  coast-line. 
The  beautifully  preserved  plants  of  Reading  also  indicate  neighbour- 
ing dry  land. 

Judging  from  all  these  phaenomena  I  infer  that  the  period  of  the 
Thanet  Sands  was  brought  to  a  close  by  a  movement  of  elevation, 
which  threw  off  the  sea  nom  the  shores  of  the  island  we  have  alluded 
to,  and  swept  down  into  the  changed  and  shallower  sea-bed  the 
coarser  sand  and  rounded  shingle  existing  ready-formed  on  the 
coast-line.  To  such  a  movement  I  attribute  the  pebbly  light  green 
sands  forming  the  base  of  the  Woolwich  and  Reading  series;  the 
ordinary  currents  of  the  sea  having,  after  the  first  movement  of 
elevation,  distributed  the  debris  thus  amassed  and  formed  the  beds 
on  which  the  Ostrea  Bellovacina  lived.  In  the  mean  time  the  size 
of  the  island  was  necessarily  increased  by  this  movement  of  elevation, 
and  its  drainage  having  thereby  become  larger,  and  its  streams  and 
rivers  more  important,  one  of  these  rivers,  still  not  a  large  one,  must, 
during  a  slightly  subsequent  period  of  quiet,  have  brought  down 
and  accummatea  the  Woolwich  shelly  clays  with  their  estuarine  ^d 
^Qviatile  shells.  This  settled  state  of  things  was,  however,  not  long- 
eontinned ;  renewed,  but  slow  movements,  probably  of  subsidence, 
must  have  taken  place ;  the  Woolwich  river  action  must  have  ceased, 
or  rather  its  direction  changed ;  for  that  its  debouchure  was  slightly 
altered,  is  indicated  by  the  fact  that  the  next  fluviatile  zone  was  not 
accumulated  over  the  older  beds,  but  on  one  side  of  them ;  instead  of 
being  chiefly  at  Upnor,  Woolwich,  and  London,  it  took  place  from 
Bromley  to  Deptford,  Wandsworth,  and  Guildford. 

In  the  mean  time  in  the  more  open  sea  of  East  Kent  these  slight 
changes  were  less  feh,  and  the  marine  condition  of  the  strata  and 
their  character  as  they  existed  at  the  <'  Thanet  Sands "  period  re- 
mained for  a  time  comparatively  unaltered.  To  the  westward,  on  the 
contrary,  some  new  and  large  river-action  appears  to  have  been  opened 
out  from  another  land  by  the  changes  which  led  to  the  formation 
of  the  Woolwich  and  Reading  series.  The  debris  forming  the  mottled 

than  mere  chalk  difl^,  and  that  soarce  was  probably  some  of  the  subcretaeeoaa 
areoaoeous  strata,  which  present  a  lithologicd  base  similar  to  that  of  the  Lower 
Tertiary  sands,  although  the  msterials  are  somewhat  diflTerently  sorted  aad  some 
few  of  the  more  soluble  and  flner  portions  are  washed  out. 
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clays  resemble  that  which  might  be  brought  down  from  deoomposiag 
granitic  or  basaltic  districts,  probably  from  some  land  to  the  S.W., 
towards  Brittany  or  the  coast  of  Spain.  The  general  aspect  of  a 
lar^  proportion  of  the  mottled  dark  red  clays  favours  tnis  view, 
which  is  further  corroborated  by  the  fact  berore  alluded  to  of  the 
presence  of  gelatinous  silica,  or  silica  in  that  condition  in  which  we  may 
presume  it  to  be  when  deriTcd  directly  from  the  decomposidon  of 
felspathic  rocks,  without  having  gone  through  any  intermediate 
geological  stage.  The  influence  of  such  river-acticm  was  evidently 
greater  in  Hampshire  than  in  Berkshire,  the  beds  in  the  former 
county  being  of  nearly  double  the  thickness  of  those  in  the  latter,  and 
far  more  homogeneous.  Compared  to  the  Woolwich  clays,  the  mass 
of  materials  forming  the  mottled  clays  is  out  of  all  proportion  larger. 
Its  arrangement  is  also  very  peculiar,  its  Hues  of  bedding  being 
almost  always  waved  and  curved,  as  though  brought  down  and 
deposited  by  fits  and  starts,  as  by  the  freshets  of  a  large  river^  The 
smaller  mass  of  sands  with  which  they  are  interstratified  were  pro- 
bably brought  down  continuously  by  the  Weald-Island  rivers,  chiefly 
from  an  area  of  Lower  Greensand,  spread  by  sea  currents,  and  thus 
intercalated  with  the  great  mass  of  these  mottled  clays  derived  from 
this  other  more  distant  source.  The  almost  total  absence  of  car- 
bonate of  lime  and  the  presence  of  the  gelatinous  silica  are  causes 
probably  sufficient  to  account  for  the  absence  of  organic  remains 
wherever  these  mottled  clays  prevail. 

After  a  time  this  Lower  Tertiary  period  was  brought  to  a  close, 
and  its  islands,  with  their  streams,  whose  action  we  have  been  studying, 
were  submerged,  by  the  great  movement  of  subsidence,  at  first  rapid, — 
and  productive  of  the  transport  of  the  conglomerate  and  mixed  strata 
formmg  the  Basement-bed  of  the  London  clay  over  the  whole  of  the 
varied  surface  of  the  Woolwich  and  Reading  series, — and  which  sub- 
sidence was  afterwards  continued  by  that  quiet  and  prolonged  move- 
ment, which  we  have  shown  to  be  necessary  for  the  accumulation  of 
the  hke  materials  of,  and  transmission  of  a  Uke  fauna  throughout, 
thegreat  mass  of  the  overlying  London  clay. 

The  reasons  for  beUeving  that  the  temperature  of  the  sea  at  the 
**  Thanet  Sands"  period*  was  lower -than  that  which  prevailed  during 
the  period  of  the  London  Clay,  apply  in  some  measure,  but  proba- 
bly less  forcibly,  to  this  intermediate  epoch  of  the  "  Woolwich  and 
Reading  series."  The  general  character  both  of  the  fauna  and  flora 
shows  a  preponderance  of  forms  such  as,  on  the  whole,  we  might 
expect  to  meet  with  at  present  in  more  moderate  climates  than  the 
one  in  which  the  more  tropical-seeming  vegetation  and  animals  of 
the  London  Clay  could  have  flourished.  For  a  subject,  however, 
of  this  problematical  nature,  the  data  are  too  limited  to  arrive  at  any 
very  satisfactory  or  definite  result.  I  merely  state  the  general  im- 
pression, rather  than  any  sufficient  conviction,  I  have  received  from 
the  inquiry  into  this  subject. 

*  Quart.  Journ.  Geol.  Soc.  vol.  viii.  p.  260. 
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Note. 

The  observations  on  the  age  and  structure  of  the  Tertiary  series, 
from  the  Chalk  up  to  the  Fluvio-marine  strata  of  Hampshire,  which 
this  paper  completes,  having  been  brought  forward  at  intervals 
durine  a  period  of  seven  years,  some  changes  have  necessarily  sug- 
gested themselves  during  the  progress  of  the  inquiry.  On  the  mam 
points  connected  with  the  Marine  Eocene  strata,  I  have  nothing 
material  to  alter;  but  as  in  my  first  paper  (Joum.  Geol.  Soc. 
vol.  ii.)  I  retained  the  term  "  London  Clay  "  to  the  clays  of  Barton, 
from  its  having  been  previously  so  apphed,  and  termed  the  brown 
clays  with  organic  remains  (Strata  4-6)  the  "  Bognor  clays,*'  and 
which  I  had  occasion  afterwards  to  show  were  the  equivalents  of  the 
London  Clay  proper,  I  dropped  the  latter  name  with  regard  to  the 
Barton  clays,  ana  retained  it  for  those  beds  only  which  I  had  before 
called  the  "  Bognor  clays."  This,  I  beheve,  has  caused  some  uncer- 
tainty as  to  the  arrangement  which  I  proposed;  I  therefore  have 
annexed  a  diagram,  showing  the  relations  of  the  London  and  Hamp- 
shire Tertiary  systems,  and  the  order  of  superposition  of  the  different 
formations,  according  to  the  terms  last  employed  (PI.  I.  General 
section). 

I  had  hoped  to  have  been  able  to  resume  the  examination  which  I 
commenced,  in  the  lower  part  of  the  Tertiary  series  of  the  Isle  of  Wight, 
in  1839;  but  want  of  time  and  other  engagements  interfered  with 
that  intention.  It  was  therefore  with  great  pleasure  that  I  found  the 
inquiry  with  regard  to  the  structure  and  age  of  the  Fluvio-marine 
series  taken  up  bv  Prof.  £.  Forbes.  Having  necessarily  had  occasion, 
in  the  course  of  the  investigation  of  the  Woolwich  beds  described  in 
the  preceding  pages,  to  inquire  into  the  range  and  character  of  the 
fossils  of  that  group  more  particularly  than  in  the  indirect  reference 
to  its  fossils  made  in  my  Isle  of  Wight  paper,  I  found  that  some 
identities  which  I  had  given  in  proof  of  several  species  being  common 
to  the  "  Lower  London  Tertianes  "  and  to  the  Isle  of  Wight  Fluvio- 
marine  series,  were  wrong.  This  arose  in  some  measure  mm  errors 
of  observation  of  my  own,  and  from  confounding  together  species 
differing  in  character,  but  which  had  the  same  specific  name  given 
to  them  by  different  authors ;  also  from  taking  the  locahties  of  the 
species  from  the  figures  and  descriptions  in  Sowerby's  '  Mineral 
Conchology,'  without  being  aware  at  the  time  of  several  corrections 
which  that  author  had  introduced  in  a  supplementary  list  pubHshed 
at  a  later  period ;  and  partly  from  the  range  and  identities  given  to 
some  species  in  M.  Deshayes's  '  Coquilles  Fossiles  des  Environs  de 
Paris,'  respecting  which  the  author  appears  to  have  been  wrongly 
informed.  As  the  results  at  which  Prof.  Forbes  has  arrived  are  of  very 
great  interest  and  importance,  I  hasten  to  correct  these  mistakes,  lest 
any  partial  argument  adverse  to  his  views  might  perchance  be  founded 
upon  them. 

In  the  P&per  above  referred  to  I  gave  a  list  of  78  species  of  shells 
from  the  Fluvio-marine  beds  of  Headon  Hill ;  and  I  endeavoured  to 
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show  that  a  certain  number  of  these  ranged  downwards  into  Lower 
Tertiary  beds;  and  that  27  species  were  found  in  the  FrenchTertiaries. 
The  following  are  the  determinations  which  I  believe  to  be  wrong : — 

1.  Limnea  oyrannidaliSt  Brard.     It  must  have  been  by  mistake  that  I 

referrea  this  species  to  the  L.  cornea,  Brongn.    They  are  different. 

2.  Mekmopsis  ancilktrioides,  Desh.     This,  again,  is  referred  in  error  to 

the  M,  buccinoides.  Fir,  M.  Deshayes,  however,  mentions  (Coq. 
Fobs.  vol.  ii.  p.  21)  that  a  variety  of  the  latter,  common  in  the 
"  Argile  plastique  **  of  Epemay,  is  found  in  the  Isle  of  Wight. 

3.  Corbula  nitida.  Sow.    This  is  not  the  C.  nitida,  Desh.,  as  the  use  of 

the  same  specific  name  led  me  to  assume. 

4.  *Cerithium  acutum.  Sow.    Non  C.  aeutum,  Desh. 

5.  ventricosum,  Sow.    Non  V,  ventricontm,  Desh. 

6.  funatum.  Sow.     C,  variabUe,  Desh.,  figured  by  Sowerby  fipom 

Newhaven  and  Hordwell,  but  since  restricted  to  the  former. 

7.  Cytherea  incrassata,  Desh.,  must,  I  beheve,  be  considered  synonymoos 

with  the  Venus  inerassata.  Sow. 

8.  Cyrena  ewneiformis,  F4t,    Quoted  by  M.  Deshayes  from  Headon  HSl; 

but  the  Isle  of  Wight  species  is  certainly  not  identical  with  the 
Woolwich  one.  The  latter  appears  to  be  the  true  C.  ctmeiformis  of 
F^russac.  The  former  is  profmbly  the  C.  senUstriata,  which  again 
M.  d'Archiac  had  stated  he  had  found  at  Woolwich. 

9.  Cyrena  deperdita.  Sow.     Non  C.  deperdita,  Desh. 

10. obovata,  Sow.    Barton ;  the  var.  figured  from  New  Cross  does 

not  apparently  belong  to  that  species. 

11.  Paludina  lenta.  Sow.    M.  Deshayes  gives  it  from  the  Isle  of  Wi^t 

and  from  the  "  Argile  plastique  "  of  Soissons.  It  appears,  however, 
that  though  veiy  closely  resembling  the  Woolwich  species,  it  may 
possibly  be  considered  as  a  variety  of  that  species. 

12.  Potamomya  plana.  Sow.     Figiued  from  Plumstead,  but  afterwards 

quoted  only  from  the  Hampshire  series.  M.  d'Archiac,  howevor. 
gives  it  from  the  "  Argile  pkstique  "  of  the  Aime,  together  with  die 
Tellina  antiqua.  Sow. 

13.  Fustis  labiatus.  Sow.    Quoted  from  both  Hampshire  and  Woolwich; 

the  latter  reference  was  subsequently  dropt. 

With  regard  to  the  correlation  of  the  Alum  Bay  and  White  Cliff 
Bay  sections.  Prof.  £.  Forbes  informs  me  that  he  has  reason  to  question 
my  identification  of  Stratum  No.  60  of  the  former  locality  with  No.  36 
of  the  latter.  As  far  as  I  can  judge,  without  revisiting  the  spot,  his 
reasons  appear  to  me  to  be  well  founded. 

I  should  also  have  given  the  Ceriihimm  nunyaritaceum,  Sow.,  which  is  the 
ipaiutunif  Lam. 
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Appendix. 

WeU-sectiont  to  follow,  for  reference,  after  the  lection  at  Park  Hill,  Croydon : 
oa/e,  p.  99. 

South  to  North  sections,— /rom  Croydon  to  Ware, 
At  Mitcham  Mr.  Nightin^e  kept  the  following  careful  record  of 
his  well,  and  preserved  a  series  of  specimens,  hut  I  found  the  shells 
generally  too  much  crushed  hy  the  auger  to  be  determinable. 

WeUseetion,  Nightingale's  Factory,  Mitcham*,  1850. 

Feet 

Black  monld    ^ 

OraTel  0* 

Lomdom  O^.       Blue  day 101 

ro.  Blue  clay  mixed  with  ihelii    2 

II.  fUKk  ($eptana)   3 

m.  Blue  sand  with  a  small  quantity  of  water 3 

L  Blue  day  mixed  with  tAelli  3 

k.  Black  day,  very  hard 1 

jf.  Blue  day 3 

t.  Peat  earth,  very  soft  and  open  (figmte)    3 

A.  Bright  hlne  clay 3 

g.  Black  clay  mixed  with  white  sheUs  {Cgrena)  1 
/.  Slate-coloured  mail  mixed  with  yeUow  {Mot- 
tled ehy) 3 

e.  Yellow  mixed  with  pink  (do,)  4 

d.  Red  and  pink (do,) 4 

c.  Blue  sand  mixed  with  day 5 

b.  Green  sand  mixed  with  day,  gait,  and  light 
blue  sand 1 

0.  Green  hard  sand  mixed  with  black  pebbles 

and  white  gait    7 

c.  Blue-drab  coloured  sand    22 

6.  Darker  sandy  loam     15 

a.  Green-looking  flints,  black  and  brown  inidde : 

a  good  spring  of  water     1 


II.  Wooiwiek 

omd  Read- 

mg  Serie9f* 

46/eet 


uu  Tktmet 
38/««r. 


189 
Chali,  with  layers  of  flints  every  3  feet,  and  an  abundance  of 
soft  water  in  every  layer,  finishing  the  well  at  211  feet. 

Well-section,  Copper  Mills,  Garret,  near  Wandsworth. 
(Mr.  E.  I'Anson,  Jun.) 

Feet. 

Gravd 9 

Grey  clay 70 

b.  Indurated  day 1 

a.  RoUed  pebbles Oi 

«.  Grey  day 4 

/.  Yellow  grey  day 2 

«.  Blue  day 2 

r.  Carbonaceous  matter  and  day  0| 

q,  Shelit  1 

p.  Grey  day 2 


LtmdtmCkty,,. 

I.  BasemetU-hed  qf 
the  Lomdon  Clay, 

Hfeet. 

II.  Woohoieh  and 
Readmg  Seriee^ 
54  or  62i/ce/. 


Carried  forward 


92 


*  For  the  section  of  a  well  at  Streatham  Common,  see  Trans.  Geol.  Soc  2nd  ser. 
ToL  ii.  pt.  1.  p.  135. 
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n.  Wookneh  and 
Reading  Serieif 
54  or  62i/M/. 


London  Gay, 
231 /«f/. 


Feet. 

Brought  forward  92 

o.  Sandy  and  water 1 

ji.  Yellow  day 2 

M.  Mottled  grey  and  yellow  day 4 

L  Sandy  and  water 2 

*.  Yellow  mottled  day    3 

J,  Grey  day 3 

i  Red  clay  3 

*.  Mottled  day    1 

g,  Ydlowday 6 

/.Mottled  day    4 

e.  Mottled  day    8 

d.  Dark  bine  day 4 

c.  Septaria? 1 

b.  Clay  and  gravel  1 

a.  Green  sand  and  water 8 

Chalk  not  reached.  143 

a.  II.  may  possibly  be  the  upper  part  of  the  Thanet  Sands. 

The  following  section  is  given  by  Mr.  Lapidge,  in  the  '  Geologist,' 
vol.  ii.  p.  20  :— 

WelUseetion^  Surrey  County  Lunatic  Asylum,  near  Wandsworth. 

Feet. 

^  6.  Yellow  clay  mixed  with  veins  of  land  20 

'  ^  a,  London  day  with  large  clay-stones  211 

^  n  Sand  with  day  and  «Aelb  6^ 

9.  Dark  sand    4 

p.  SheUyrock  5 

0.  Brown  sand 1^ 

n.  Sand  and  day 2 

m.  Mottled  Potter's  day 4 

I  Sand  and  day 2 

k.  Dark  sand  and  «Atf  At 5 

^'.  Pure  light-coloured  sand    1 

t.  Dark  sand    2 

h.  Sand  and  clay 1 

^.  Pink  and  yellow  mottled  clay    4 

/.  Light  brown  and  white  clay  4 

e.  Dark  red  and  white  day    4 

d  Chalk  and  pebbles 1 

c.  Green  sand 3 

b.  Variegated  green  and  brown  sand 6 

a.  Green  sand  4 

'  d.  Brown  sand,  wherein  was  water,  which  rose  to 

within  36  feet  of  the  snzface S 

c.  Pine  dark  grey  sand 33 

b.  Sand  and  pebbles,  from  which  the  water  rote  to 
within  28  feet  of  the  surface 2 

a.  A  hard  stratum  (uncertain)    Oi 

'      Chalk   li 

Flints    4 

347 
The  "  chalk  "  is  probably  merely  some  calcareons  bed  overlying  a 
thick  mass  of  the  green-coated  flints  ('*  Flints'*),  below  which  would 
be  the  true  chalk,  or  else  the  figures  are  reversed. 


u.  Woohoieh 
and  Read- 
ing Series, 
bbfiet. 


Thanet 
Sonde, 
40k/eet. 
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JFM-teetum,  Balham  Hill,  near  Clapham  Common. 
(Dr.  MitchcU'8  MSS.  voL  ir.  p.  205* )  p^^ 

Mould  1 

Yellow  day  4 

Sand 4 

GraTcl   6 

Brown  clay , 6 

Blue  clay  or  burl 233 

t.  Oyster-shell  rock 5 

A.  Brown  day 13 

g.  White  day  4 

/  YeUowday 3 


M^ 


n.  Woohpieh 
endReadmg'i    e.  Bed  clay 
Sene$,b3ft.       


<{.  Light  bine  day   5 

c.  Black  day   3 

b.  Brown  day 13 

a.  Pebble-stones 5 

Tkmtet  Stmdi^   Sand 40 

347 

JFell^ection,  York-mead,  Lambeth, 
(Pari.  Repoct, ««  Sapply  of  Water  in  the  Metropolis/'  1B28,  p.  111.) 

Feet 

Made  nxrond,  graTd,  and  day   30 

Stony  bine  clay  (loiufoiid^y) 139 

./Clay  stone Oi 

IHardrock U 

'  Hard  mixed  clay  and  sand 20 

Shell  and  pebble  stones  6 

.Green  soft  sandstone  came  up  in  sand  14 

211 

The  complete  suite  of  specimens  presenred  by  Mr.  A.  K.  BarcUy 
enables  me  to  give  the  following  section  in  greater  detail  than  usual. 
It  establishes  the  important  fact  of  the  well-marked  local  occurrence 
of  the  Ostrea  Bellovaeina  at  the  base  of  Group  ii.  (a,  b.),  and  shows 
clearly  the  Woolwich  shell  bed  (^)  placed  between  two  considerable 
masses  of  mottled  clays. 

WeH-eeetion,  Barclay  and  Perkine'e  Brewery,  Southwark. 

Feet. 

Made  ground  and  sOt  with  vegetable  remains 20 

Grey  dayey  sand  with  specks  of  phosphate  of  iron 1 

Gr«fd  6i 

Carried  forward  27i 

*  AIUkni^  the  publications  on  Tertiarv  Geology  of  the  late  Dr.  James  Mitchell 
sre  not  nnmerons,  he  was  an  indefstigable  obsorrer  and  collector  in  this  fidd, 
sad  was  ever  ready  to  assist  others  nnresenredly  with  his  (acts  and  profosdy  with 
his  sptdmens,  u  I  can  testify  firom  personal  experience.  On  many  points  his 
views  were  often  pecoliar,  and  not  in  conformity  with  prevailing  opinions ;  but 
his  conrictions  were  always  honest  and  boldly  expressed.  He  has  left  fi?e  folio 
MS.  folomes  of  valoable  rongh  notes  on  the  Geology,  Botany,  and  Wells  of  the 
Deigfabonrhood  of  London.  These  are  now  in  the  possession  of  his  nephew  Mr. 
James  Teinpleton  of  Exeter,  who  has  been  good  enough  to  allow  me  the  free  use 
of  them.    This  and  sereral  other  well-sections  are  from  this  MS.  work. 
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Cfay. 


u.WoohDieh 
62fiet 


Thanet 


Brown  tnd 


Bronriit  fivwaid 

'At  84  feet  a  thiB  layer  of  pd^Uei  - 

At92feetali7erofte|itana 


Feet. 

.  27i 


Ki«*  «!.« "S  At  96  feet  a  Iqrer  of  teptaria 
W«>cclay-JAt99feetala>ercrfte^ 


774 


;1 


8 


.  I  At  99  feet  a  mass  of  wood  pierced  by  Teredo 

j.  Mottleddayi.  Bed  and  fight  greeniih  at  100  feet  ......'^ 

Light  bfown  and  grey  at  112  feet   

Very  fight-ooloured  mixed  tand  at  113  ft. 

Brown  and  fight  grey  at  114  feet    

Brown  and  fight  grey  at  128  feet. i    « 

light  greenish  at  129  feet  ^ 

Brown  at  130  feet 

Greenish  and  sandy  at  134  feet   . 

i.  Light  brown  sand  and  grey  clay    i 

A.  Grey  clay  and  vegetable  matter 2 

g.  Grey  clay  with  a  few  shdls  (Cyrena?) 3 

/.  Moiled  days.  Greenish,brownandgrey  at  141feet. 

Red,  fen  of  race,  at  146  feet  

Bed  and  green  at  147  feet  

Brown  and  greenish  at  148  feet J 

e,  Sandy  days,  partiaUy  mottled : 

Brown  and  greenish,  with  flmt  pebbles,^ 
at  149  feet 

Do., with  middle-sized  pebbles,at  150  ft. 

Do^with  larger-sized  pebbles,  at  152  ft. 

Very  small  pebbles,  sabangular,  154  ft.  J 

d.  Clayey  green  sand  with  pebbles  and  wood  2  ? 

c.  Green  sand  with  larger  pebbles 1 

h.  Green  sand,  bright-eoloored,  a  few  pebbles,  and  Ottrttu  1    ^ 

„        „    large  and  worn  Ottrta  and  a  few  pebbles   J 
0.  Grey  dayey  sand,  with  a  few  Ottf^a  BeOovaema  at  167  ft.  1 

f,        „         darker  and   more    argillaceons,  and  V  3 
Ottrea  more  numerous  at  169  feet   ] 

^b.  Grey  sands,  dark  and  greenish   1  •> 

„      fighter /** 

0.  Green-coated  flints  in  argillaceons  green  sand 1 


Ckatt.. 


203 
100 


Well^ection,  Fishmonpera*  Hall,  north  end  of  London  Bridge, 

(Sections  of  Borings  published  by  the  Metropolitan  Commissioners 
of  Sewers,  1849 ;  Sheet  3.) 

Feet. 
Made  ground,  black  boggy  soil  and  peat ...    27 

Clay  and  sand 7 

Gravel 14 

London  Clay,      Blue  day    129 

..    nr^^i^^x        {d.  Mottled  or  coloured  clay 20 

^2wL    ^c^SheUf^  11 

Sf-^Si^    !*•  Green  sand 5 

*n«f,  Wft.   I  ^  pjij^  g^j  ^jj^^  ^^^  pebbles 24 

Chalk.  237 

If  the  chalk  is  correctly  placed  in  this  section,  which  seems 
doubtfiil,  it  must  be  a  boss  rising  through  the  Thanet  Sands. 
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Well-Rectum,  St.  Manfn  fToolnolh,  Lombard  Street. 
(Dr.  BfitcheU's  MSS.  voL  ▼.  p.  21.) 


Feet. 


London  Cl^. 
II.  Wooktich  and 
ReatUnff  Seriet, 
hZfett. 
in.  Thtmet  Sandit 
Ufett. 


^164 


GniTel  

Blue  day  

c.  Sand*. 2 

b.  Sands  and  mottled  clay 35 

a.  Black  flints  and  sand 16 

h.  Sand,  greenirii 35 

a.  Flints    1 

To  the  Chaik 253 


Hie  foUowing  well,  of  which,  like  that  at  Messrs.  Barclays,  speci- 
mens and  particulars  were  carefully  taken,  is  particularly  interesting 
from  its  confirming  the  same  facts,  and  yet  showing  marked  variar 
tbos  m  the  relative  character  of  the  heds  a  to  o.  ii. 


(horn 


n.  ffoohrieh 
md  Read' 
ingSeriee, 
bSfeet. 


.  Tkanet 
Z9feet\ 


WeU-^ectton,  Bank  ofEnglandy  1851. 
published  for  private  distribution,  and  from  inspection  of  the  spe- 
cimens), PL  I.  Diag.  A,  Loc.  sect.  20. 

Feet. 

Made  ground   22 

Gravel   4 

London  day Ill 

0.  Light  yellow  mottled  day 2 

n.  Ld^t  yellow  mottled  day,  sandy  6 

N.  R^  and  brown  mottled  day 2 

JL  Light-coloured  sand  5 

i(.  Light-coloured  mottled  sandy  day    H 

J.  Light  blue  and  brown  mottled  day  8 

t.  Carbonaceous  day  and  lignite  H 

il.  Light  grey  sand  2 

g.  Light  grey  day  and  sheUs(Cymia,Afe£ania) 1 

/.  Dark  grey  day  and  shells  {Cyrena^  Melamaf  Ottrea)  .      2\ 

e.  Hard  Ught-coloured  concretionary  limestone  3 

d.  Red,  blue,  and  brown  mottled  day   1^ 

c.  Flint-pebbles  in  day  5 

h.  Bright  dark  green  sand  and  flint-pebbles 13^ 

^  a.  Dark  green  sand  with  shells  (Of /rffl)  4 

h.  Light  grey  sands,  the  lower  part  darker  and  more  tr- 1  qq 

gillaceous j 

0.  Bedofflints     1 


234i 
Chalk  too 


334i 

In  the  next  section  the  Woolwich  clay  heds  are  prohahly  repre- 
BCDted  hy  Stratum/,  ii. 

Wttt-uction^  Shoreflitch  Workhouse.    (PI.  I.  Diag.  C,  Loc.  sect.  6.) 

(Mr.  R.  W.  Myhie.) 

Feet. 

Made  earth  10 

Gravd 8 

London  elag 58 


Carried  forward 


76 
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Feet 

Brought  forward  76 

.Batemetit-hedoftb.  ShcUy  rock 1 


the  lAmdonCUty. 


a.  Sand 1 

^j.  Light  day    2 

t.  Coloured  day  (Mottled  eUty)     7 

A.  Dark  red  day  (     ditto       )     3 

g.  Bluuh  day  3 

luWoohrick   anJl/.  Black  day    7 

iZMdtfi^  Sfriet,  1  e.  Sandy  day  3 

A^feet.          d,  Oyeter  ehetb    3 

c.  Pebbles 2 

b.  Greenland  9 

I,  A.  Pebbles  ifl  green  sand    » 1 

III.  ThanetSandttJb.  Light  sand  with  water 38 

39/«e/.      \a.  Flints 1 


dott. 


167 
100 

263 


II.  Woohaieh  and 
Reading  Seriett 
Sifeet. 

lu.  T%anet  Sonde. 


WellseetioHf  Hoxton, 

(Mr.  R.  W.  Mylne.) 

Feet 

Made  earth  and  graTd  18 

London  dag    69 

c.  Mottled  day  16 

b,  Pd>bles,  black  and  green,  mixed 

with  sand  10 

a.  Green  sand 8 

Black  sand 30 

7b  the  Chaik 151 


fFeU-iectiont  New  City  Prison,  HcUoway  {from  inspection  of  spe- 
cimens in  the  possession  of  Mr,  BuwUng). 

Feet 
London  Clog  135 


II.  Woohrieh  and 
Reading  Seriet, 
eifeet. 


III.  Thanet  Sonde. 


t.  Mottled  day abont  22 

A.  Coloured  sands „  5 

^.Yellow  sand  „  2 

/.  Clayey  green  sand n  6 

«.  Yellow  and  greenish  sands  „  8 

(i  Pebbles  and  green  sand    „  6 

c.  Sand  and  brown  clay  with  traces  of 

▼egetable  matter „  7 

b.  Dark  green  sand „  6 

a.  Sand  with  clay  and  pebbles     „  7 

Sands?    12? 

Flints  1 


r 


Choik 


217 
102 

319 


I  could  not  exactly  make  out  from  the  specimens  where  the  Chalk 
h^;ms  in  this  section.  The  last  Tertiary  hed  named  is  a.  ii.,  but  as 
that  seems  to  leaye  a  space  unoccupied,  I  have  inserted  **  sands  "  with 
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a  doabt.    At  the  Pentonyille  Prison  the  Mottled  clay  series  is  55  feet 
thick  and  the  Thanet  Sands  35  feet. 

WeU-sectiony  Homaey* 

(Mr.  N.  T.  WcthcreU.) 

Feet 

Vegetable  mould   2 

London  clay   138 

1.  Ba»em€ni-bed^^  Clay  and  green  wad 2  ? 


tMe  London  Clay 

iLftm.  Woohrieh 
and  Reading 
SeruM   and 


Sand  8 

Wood  or  imperfect  coal  {UgniU) 4 

Several  beds  of  Plastic  cUy  and  sand,  and 
sand.    The  last  bed  above  the  chalk  con- 
^     sists  of  green  sand  and  pebbles 71 

To  the  Chalk 225 


Well-section,  Colney  Hatch  Lunatic  Asylum. 
(13th  Report  of  the  Committee  of  Visitors,  1850.) 

Feet 

b.  Brown  day 36 

a.  Blue  day 98 

Basenunt^hedqfthefi.  Hard  stone 1 

LondonGay,  3/<»/.\?a. Green  sand 2 

fe.  Coloured  clay 8 

b.  Coloured  clay,  various  colours 13 

ji.  Black  pebbles 6 


London  Clay. 


Wookffieh  and  Read- 
ing Series,  21  feet. 


m,  Tham^t  Sands,  Dark  grey  sand »...    25* 

189 
ChaSt  141 

330 

WeUrsection^  Winchmore  Hill. 

(Dr.  MitcheU's  MSS.  vol.  iv.  p.  59.) 

Feet 

London  Clay.        Bine  day  186 

n.  Wookaieh  and    fi.  Red  day  36 

Reading  Series.  \a.  Sands  and  gravd 8 

ntkeCkalk    240 

The  preponderance  of  green  sands  in  the  place  of  the  mottled  clays, 
which  are  so  well  developed  at  Tottenham  *,  is  a  peculiarity  in  the  fol- 
lowing section,   a.  and  b.  ii.  may  possibly  helong  to  the  Thanet  sands. 

Well-section,  Waltham  Cross. 

(Mr.  R.  W.  Mylne.) 

Feet 

Mould 2 

Loam  y 4 

Gravel 7 

Graveli  very  rough 3 

Carried  forward 16 

•  '*  GeoL  England  and  Wales/'  note,  p.  24. 
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Dmdon  Clay. 

Batement-bed  qf 

tkeUmdtmCktM, 

6fieL 


II.  Wookrieh  and 
Reading  Seriei, 
51 /pe/. 


{i 


Feet. 

Brought  forward  16 

Blue  day   24 

Blue  day,  mixed  with  dark  sand 10 

b.  Blue  day,  lighter-coloured,  and  saad  ...  5 
''a.  Black  pebbles    1 

*  t.  light  green  mottled  sand 7 

h.  White  live  sand 3 

ff.  Light  green  sand,  slightly  mottled  1 

/.  Green  sand,  but  daricer 3 

e.  Green  sand,  mixed  with  flint-pebbles  ...  3 

d.  Dark  bay  men  sand 7 

c.  Green  sand  and  pebbles    1 

b  Green  sand,  getting  darker  16 

a.  Green  sand,  very  little  diffisrenoe 10 


CkaUnotrtaeked,  107 

WeU-Mection,  Hoddesden  Brewery, 
(BIr.  R.  W.  Mylne.) 

Feet. 
Gravd 20 

Loam  and  marly  sands  45 

White  sand     ^...    24 

Flints  1 

9b 
ChaU    4 

The  sections  in  continoation  northward  of  this  line  have  been  given 
in  a  preceding  part  of  this  paper  (p.  92). 


We  will  now  take  an  East  and  West  line,  commencing  near  Esher 
where  the  principal  changes  take  place  in  the  structure  of  the  Lower 
Tertiaries,  and  passing  also  through  London  to  Chelmsford. 


WelU9eetuni,  Claremani. 
(J.Day.) 

Feet 

Lower  Bagthot  Sandt.  Sand 50 

London  Clog.  Blue  day 450 

Wookoieh   and         f  c.  Mottled  clays   48 

Reading  Serie$i         s  6.  Brown  sand 10 

60fiet,  [a.  Green  sand  and  flinto 2 

TotheCkaik  560 


Well-eection,  Isleworth. 
(Trans.  Civ.  Eng.) 


Feet 


London  Clay, 

Woohriehand 
Reading  Seriee, « 
S7fiet. 


Gravel  and  sand 24 

Blue  clay 216 

'/.  Clay,  mottled  light  red,  becoming 

darker  as  it  deepens 68 

e.  Blackish  day  3 

d,  Tdlow  sand  passing  into  light  green    6 
c.  Dark  green  day  10 


Chaii  not  reached. 


327 
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Gravel . 


Umdom  Claw,  -f  **  i^'^^PH  ®'*7  (ash-coloured  compost) 


II.  WooMek  and 

Reading  Serie$f 

bSfeeL 


WeU-^ectwHt  Mortlake  Brewery. 
(Dr.  MHcheU's  MSS.  toI  i?.  p.  207.) 

Feet 
10 

-     .  ^0 

Mottled  red  paasing  into  red    J[ 109 

h,  Gr^ensand 9 

^.  Yellow  sand 3 

/.  Greenish  sand  and  clay 17 

e.  Purplish  clay  with  lignite 4 

rf.  Yellow  sand  2 

c.  Light  green  sand  4 

b.  Ash-coloured  day  with  tA«/Zf  15 

a.  Green  sand. ,., 4 


ChaUe 


267 
3 

270 


The  tenn  **  Mottled  clay"  applied  to  Stratum  a.  ii.  is^  I  suspect,  a 
wrong  term.  I  have  therefore  grouped  it  as  part  of  the  London 
Clay,  which  giyes  a  thickness  to  Siat  formation  agreeing  with  neigh- 
boanng  sections. 

WeUrseetionj  Griffin  Brewery ^  Chimoick. 
(Mr.  R.  W.  Myhic.) 

Feet. 

Earth  and  gravel I  • 

Sand  and  fine  gravel    \  40 

Gravel  and  sand J 

Blue  clay  140 

e.  Mottled  clay    6 

d.  Blue  clay  mixed  with  sand 9 

c.  Brown  and  sandy  mottled  clays 15 

b.  Bright  redt  yellow,  pink  and  1  .» 
bluish  mottled  days J  

0.  Pebbles  in  bluish  mottled  clay  7 

'«.  Yellow  sandy  clay 1 

</.  Variegated  sand  2 

c.  Green  and  brown  sand 23 

b.  Hard  green  sand  \  » 

0.  FUnts  J _ 

299 
CkaXk   46 


London  CZoy. 

II.  Wookoich  and 
Reading  Seriet, 
90feet. 


ni.  Thanet  Sands, 
29fseL 


Well^ection,  Kensington  Workhouse*. 
(Mr.ILW.Mylne.) 

Feet. 

Made  ground    8 

Gravd  3 

London  day 179 

r  Mottled  dap   38 

\  Pebbles  and  sand 42 

270 
Chalk 100 

*  In  this  section,  u  in  that  at  Notting  Dale,  the  lower  sands  and  pebbles  of  the 
Woolwich  series  have,  I  believe,  been  confounded  with  the  Thanet  Sands. 


Woohneh  and  Reading 
Series  and  Thanet  Sonde, 
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WeUseetioHy  EUiotfs  Brewery,  Westmituter. 
(Mr.  R.  W.  Mylne.) 


London  Ct^. 


II.  Wof^wiekand 
Jieadmff  SeriiOt 


uu  JlUmet  Sdndt, 


Feet. 

^ade  ground  and  grt?el 32 

Blue  clay  140 

J.  Motdedclay    6^ 

L  Sand 1 

A.  Red  and  yellow  day  {mottled  c%)   12| 

ff.  Blue  sand 1| 

/.  ^tdmul  (mottled  ehy) 13i 

e.  Blue  day  and  iheUt    10 

d.  Yellow  day H 

c.  Red  day  (mottled  day) 7 

b.  Yellow  clay H 

^a.  Gravel,  rock,  and  blue  sand   8^ 

Green  sand  9^ 

Running  sand  22 

271 
ChaUt 127 


{i 


WeU-^eetiotiy  Thome's  Brewery,  Westminster, 

(Mr.  R.  W.  Mylne.) 

Feet. 

Made  earth,  gravd,  &c   27i 

London  clay  100 

c.  Sand  and  clay 11 

4.  Coloured  clay  49 

a.  Sand  and  pebbles 6^ 

c.  Sand  with  water 14 

b.  Sand 20 

a,  Flinte    2 


II.  Wookoieh  and 
Reading  Series^ 
66^/eet. 

ni.  Thanet  Sandt, 
^fiet. 


ChaUt 


230 
70 


WelUsection,  front  of  the  National  Gallery,  Trafalgar  Square, 

(The  lUnstrated  London  News  for  April  5, 1845.) 

Feet. 

Made  ground 9 

Gravel 5 

Shifting  sand 7 

Gravd 2 

London  clay    141 

I.  Batement-bed  L,C,>     Thin  layer  of  shdls    1 

II.  Woolwich  and  Read-  f  b.  Plastic  day  (mottled  day) 30 

ing  Seriet,  iO  feet.     \  a.  Green  sand,  pebbles,  &c 11 

in.  Thanet  Sandt Green  sand  42 

248 
ChaUt  147 

JFell'Section,  Apothecaries  Hall,  Blaek/riars. 

(Mr.  R.  W.  Mylne.) 

Feet 

Made  ground  12 

•     '  iday     114 

Carried  forward  126 
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Feet. 

Brought  forward 126 

u.  ffoolwieh  and  \  e.  Dark  sand 13 

Meadmg  Serie$A  h.  Mottled  daj 30 

48  feet.        I  a.  Clay,  sand,  and  pebbles  5 

w.  T%anet  Stmdi,  J  6.  Green  sand  20 

44/m/.         1.0.  Light  black  sand    24 

218 
Chalk  76 


WeU-^ctum,  Royal  Mint,  Tower  Hill.     (PL  I.  Diag.  A, 
Log.  sect.  21,  &  C,  Loc.  sect.  7.) 

(Seet  Bor.  by  Metrop.  Comm.  of  Sewers,  1849,  Sheet  4,  and  from 
examination  of  specimens.) 

Feet 

Made  ground    11 

Gravel  and  sand    13 

LimdtmClajf.    Blue  clay  94 

fk.  Light  sand   4i 

/  Light-coloured  sand 14 

i.  Dark-coloured  sand    4 

A.MotUedclay    5i 

n.  JfooMeh  and    ^.  Loamy  dark  sand  and  day 5 

Siodmff  SerieiAf,  Shelly  blue  clay  {Cyrena,  Melania,  Ottrea)  3 

bb/eet,  e.  White  rocky  soil,  very  hard   2^ 

d.  Green  sand  and  pebbles,hard  and  dry  3| 

c.  Loamy  green  sand  and  black  pebbl^  5 

b.  Green  sand  and  pebbles 6 

[a.  Green  sand  and  shells  {0$irea) 4 

in,  TkanetSandt,  J  Dwtktmd    15 

20i/€e/.      \FlinU    5^ 

ToiheCkalk  19H 

Well^eetioHy  Truman,  Hanbury  and  Co* 9,  Shoreditch. 


(Mr.  R.  W.  Myhie.) 


ii 


Feet 


23i 


It.  Woohriek  and 

Beading  Seriet, 

bS/eet. 


m,  Tkanet  Sandi. 


Made  ground  .... 

CUy 

Gravel  and  sand . 

CUy 

London  ekiy    79^ 

m.  Light  blue  mottled    11 

/.  Blue  mottled 2 

k.  Dark  mottled 6 

J.  Rock  H 

t.  Bluish  green 4 

A.  Hard  blue  loam  and  fA«/b 6 

g.  Hard  yellow  clay  and  pebbles 5 

/.  Pebbles  4 

e.  Green  sand  and  black  pebbles 2 

d,SheUroek  H 

c.  Green  sand  and  pebbles    5 

6.  Dark  sand  and  pebbles 4 

a,  Ojftter-bed 1 

Dark  grey  sand  and  pebbles 43 


ChaUt.. 


199 
201 
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London  Clay, 


if 


In  this  and  the  following  section  the  deyelopment  of  the  pehhle 
beds  in  the  lower  part  of  the  Woolwich  series  is  remarkable. 

WelUsection^  Walton's  Sugar-house,  Angel  Court,  WhiteehapeL 

(Dr.  MitchcU'8  MSS.  voL  iv.  p.  48.) 

Feet. 

Mould  and  soil    6 

Gravel 12 

Yellow  clay.. 3 

«.  Blue  day 97 

p.  Light  green  sand  and  some  clay 6 

o.  Blue  day  and  sand 2 

«.  Dark  brown  day 12 

m.  Blue  day  and  sand 2 

L  Blue  clay  and  sand  with  tAeto 2 

k.  Hard  sand  1 

^'.  Hard  green  sand  and  clay 1 

t.  Red  and  grey  day 2 

h.  Yellow  day  with  pebblea  4 

g.  Clay  and  gravel   conglomerate,  very 

bard,  with  large  pebbles 9 

Sand,  pebbles,  and  a  little  clay 6 

Yellow  clay 1 

Green  sand,  very  hard  2 

Loose  sand,  black  pebbles 4 

b.  Bine  day 3 

Sand  and  black  pebbles 12 


II.  Wookoiekand 
Reading  Seriett  < 
69/eeL 


«. 
d. 
c. 


187 

At  Osbome^treet,  near  the  above,  chalk  was  found  about  26  to  30  feet  lower, 
through  a  bed  of  fine  white  sand  {Thanet  Sandi). — Dr.  M. 

Stratum  jp.  ii.  may  possibly  be  the  Basement-bed  of  the  London 
Clay. 

WeUrsectum,  Kirk  and  Bych^,  Osbome-place,  WhiteehapeL 
(PI.  I.  Diag.  A,  Loc.  sect.  22.) 
(Dr.  Mitchell's  MSS.  voL  iv.  p.  50.) 


Lotidon  Clay.  |  *' 


iL  Woohrieh  and 

Reading  Serieo, 

bifiet. 

ui.  Tkanet  Sands, 


Feet 

Mould  and  soO  6 

Yellow  day 6 

Gravd 12 

Yellow  day    1 

[a.  Blue  day    95 

''A.  Yellow-redday 6 

y.  Sand   1 

/.  Yellow-redday 12 

e.  Green  sand 5 

d.  Yellow-redday 10 

c.  Sand  3 

b.  Gravd  rock,  very  hard 9 

0.  Green  sand  and  black  pebbles 8 

Sand 16 


Ckali  not  reached. 


190 


Judging  from  some  adjoining  wells,  I  think  that  d.  ii.  is  wrongly 
described,  and  that  it  represents  the  Woolwich  shell  bed. 
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WeU-$ection,  City  of  London  Umon^  Mile  End  Road, 
(Blr.  R.  W.  Mylne.) 


l/mdomO^.   / 


II.  Woohrieh  and 

Readimg  Serietr 

4\/eet. 


m.  TUmet  Stmdt, 


Feet. 

Made  earth  and  vegetable  earth  4 

Yellow  dry  earth   2 

Coarse  gravel  mixed  with  fine  sand 15 

Pine  gravel  and  sand 14 

'  ?  Mixtureofday,  sand,  and  water  20i 

0.  Hard  dry  blue  day 40 

1.  Soft  bine  day  with  fine  silky  running  sand 12^ 

J.  Sandy  day,  yellow-oolouredt  and  smdl  stones  2| 

t.  Hard  yellow  sand 1 

A.  Sandy  clay,  yellow  and  green 4 

^.  Compact  sandy  day    2 

/.  Compact  green  clay 1 

e.  Compact  yeUow  and  green 2 

d.  Hard  yellow  clay  and  large  pebbles  7 

c.  Green  sand  1 

*.  Black  sand  2 

a.  Black  sand  and  small  pebbles 6 

'e.  Black  sand,  compact  4 

<f.  Black  sand,  less  compact & 

c.  Black  clay,  sandy  grit 1 

b.  Black  sand  mixed  with  bladt  clay,  and  soft. 27i 

a.  Black  flints,  small  1 


CAott.. 


175 
10 


I  feel  very  uncertain  where  I  should  draw  the  lines  of  division  in 
this  section.  They  must  he  considered  as  doubtful.  I  am  almost 
inclined  to  cany  Group  ii.  down  to  c.  iii.  inclusive. 


WeH^ection,  Bromley  near  Stratford.   (PI.  I.  Diag.  A,  Loc.  sect.  23.) 
(*'  Geology  of  England  and  Wales,"  p.  45.) 


Baaement'bed 
qftheLomdom 
day,  bfeet 


n,  Woohrieh  tmd 

BMdmaSerietf 

bl/eet. 


Feet. 

Loam,  day,  gravd,  and  sand   18 

London  day ,44 

Blue  clay  2 

6.  Clay,  sand,  and  tAdZf  mixed  1 

a.  Gravd,  sand,  and  «Ae/b  4 

i.  Pine  sand 4 

A.  Blue  and  yellow  day  9 

g.  Sand  and  ihelkt  with  large  lumps  of  pyrites...      4 
/.  .Blue  day,  with  abundance  of  broken  iheUt^ 

some  resembling  oyttert,  and  pyrites    9 

e.  Solid  limestone    1 

d.  Black  sand,  passing  into  small  round  pebbles,* 

like  the  Blackheath  pebbles  

c.  Black  sand,  vdned ^22 

b.  Some  small  pebbles  in  the  sand,  which  is  still 

hard  and  compact  

a.  Blue  clay,  very  hard  and  firm    "    2 


Beneath  this  last  bed  are  probably  the  Tkanet  Sandt, 


120 
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fFeOseetiam,  8<mth  mde  cf  the  Export  Dock,  Wtai  LuUa  Docks. 

(Dr.  Mitdidl's  MSS.  yoL  m.  p.  85.) 

Feet 

Made  gn?d  (?) 15 

City  5 

Grave!    25 

^ .  o„,,r  Clear  iand. 30 

^^^'^^'t  Sand  and  «*elfr 45 

120 
CSUtt  240 

I  giTe  this  section  from  its  pecaliarity.     The  occnrrenoe  of  shdls 
above  the  Chalk  I  have  not  had  confinned. 


WelUeefwn,  Trinity  Wharf,  BlaekwaU. 
(Mr.  R.  W.  Mylne.) 

Feet. 

MadegTomid 18 

Grmrel 45 

London  day* 68 

d.  Grey  sand  8 

c.  Shells  and  iron  pyrites 2 

b.  Oyster-tkeBt  and  sand 14 

a.  Stiff  green  sand     10 

b.  Grey  sand  65 

a.  Stiff  sand  and  clay 7 


,  Woohoiekand 

Reading  Seriei, 

34/«er. 

TTumet  Sandi, 
7Hfiet. 


Chalk,. 


237 
10 


Well-Section,  West  Ham,  Essex. 
(Mr.  R.  W.  Mylne.) 

Feet. 

Made  gronnd 8 

Black  gravel 9 

Peaty  clay 16 

fg.  Pebbles     2 

IV.  SheUy  4 

e.  Light  brown  sand   18 

<f.  Clay  and  tA«ttr 6 

c.  Haidiheib  5| 

b.  Green  sand ll 

a.  Pebbles    5 

ui.  Thanet  Sandt.        Sand 57 

132 
Chalk 306 

*  In  the  section  of  this  well,  and  of  the  one  at  Bromley,  1  feel  considereUe 
hesitation  in  retaining  the  designation  of  "  London  clay  **  here  given  by  the  well- 
digger  ;  for  1  am  rather  induced  to  think,  from  the  outcropping  of  the  Woolwich 
conglomerate  in  the  river  at  Blackwall  and  of  the  Basement-bed  of  the  London 
clay  at  Stratford,  that  the  London  clay  does  not  exist  in  the  first-named  localities. 
It  certainly  may  be  there,  and  be  thrown  oat  by  a  fault  on  a  line  near  adjacent. 
I  consider  it  however  more  probable  that  the  mineral  character  of  the  stratum 
has  led  to  some  mistake,  and  that  the  bed  here  taken  to  be  the  London  day  may 
be  a  peculiar  condition  and  unusual  development  of  the  mottled  clays,  where  tbey 
clash  and  mix  with  the  upper  part  of  the  Woolwich  days  and  sands,  loiing  their 
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For  a  small  section  of  the  Basement-bed  and  of  the  upper  part 
of  the  Woolwich  series  at  Stratford  see  Joum.  Greol.  Soc.  vol.  yL 
p.  262. 

The  sections  of  wells  which  I  haye  irom  Dford,  Romford,  Brent- 
wood, and  adjacent  districts  give  us  no  particulars  of  the  Lower  Ter- 
tiaries,  as  water  was  in  all  cases  obtained  almost  directly  after  passing 
dirough  the  London  clay.  Some  preliminary  works  for  an  artesian 
well  by  the  Local  Board  of  Health  at  Chelmsford  haye,  howeyer, 

mottled  character  and  passing  into  a  brown  micaceoos  sandy  clay.  An  instance 
(tf  this  has  recently  come  before  me  in  the  section  of  a  trial  boring  made  opposite 
Blackwall.  Beneath  33  ft.  of  peat  and  gra?el  were  55  ft.  of  brown  day,  which  had 
been  mistaken  for  the  London  day.  At  first  sight  it  certainly  a  good  deal  resembled 
h,  but  on  a  doser  examination  it  presented  characters  deddedly  differing  from  that 
day,  which  is  of  a  lighter  brown,  or  dse  bluish,  more  homogeneous,  and  is  not 
so  micaceous.  It  is  in  all  cases  very  necessary  to  guard  aninst  well-sections 
not  recorded  with  suffident  care.  Several  of  those  collected  by  Dr.  Mitchdl  are 
in  all  probability  given  wrong  by  the  well-digger,  as  one  near  Waterloo  Bridge 
(W.),  which  brings  the  London  day  too  near  to  the  chalk. 


W.  Feet. 

Gravd  and  sand 40 

Blue  day    110 

Red  day 10 

Sand   5 

mheChaOt  165 


Whilst  in  another  well  at  Finsbury  the 
mottled  clays  are  omitted  altogether. 
Feet. 

Gravel  and  London  day    160 

Sand  and  pebbles  10 

IbtheCkalk 170 


The  same  hct  is  observable  in  some  of  the  sections  collected  by  the  Commis- 
Biooers  of  Sewers ;  u  for  instance— 


WttUteeiumt  Oodkufi  Brewery, 
Feet. 

Made  ground 15 

Gravd 15 

Blue  day    160 


7b  ike  Oatt.. 


190 


WeO^ectUmt  Thortu^e  Brewery, 
Feet. 

Made  sround  and  gravd  40 

Blue<£iy    162 

lb  the  Chalk  202 

(See  p.  148.) 


WetUeeeiitm  near  Weetmkuter  Bridge.  Mortlake,  Bamee. 

Feet.  Feet.  Feet. 

Made  ground  and  gravel 27  10  18 

Blue  day  160  180  180 


nthe  Chalk  187 


190 


198 


Some  mistake  is  evidently  made  in  these  sections  in  carrying  the  London  day 
down  to  the  chalk.  In  some  others  too  great  an  extension  has  apparently  been 
given  to  the  beds  of  flint  pebbles  (calleid  gravd),  as  they  appear  to  occupy  the 
place  of  the  Thanet  Sands  as  well  u  their  own : — 


WeO-teciUm,  Bermondeey, 

Feet 

Bog  earth  and  peat   9 

SUt 3 

Quidcsand 20 

Blue  day    60 

Gimvd 110 

202 


WeU-ieetioH,  Seager'e,  Miibank, 

Feet. 

Made  ground 22^ 

Gravd 3 

Blue  clay 93 

Blue  rock    2 

Sand  and  gravel 77i 

ToiheChaUt 198 
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recently  afforded  a  section  of  part  of  the  beds  beneath  the  London 
clay  at  that  place. 

Trial  bore  at  Ckelmrford. 

(Spedficttloii  ^wgtst,) 

Feet 

Daric  mould 3 

Yellow  day 1 

Grtvel 15 

.Sand  (dark) 51 

'6.  London  day  100 

Oay,  \a,  London  day  and  silyer  sand 50 

^Darksand   12i 

Clay-ilale(?)  0| 

Clay  and  sand 4 

Clay-slate  (?) ©i 


DrVi, 
I/mdum 


Wookrich 

and 
Readmg 
Series} 


Dark  sand,  with  fine  day  at  intervals  9^ 

Clay,  sand,  and  tAcfii 2\ 

Clay  and  thetti    Oi 

Pebbles    li 

Sand  (spring) 4| 

256 

As  I  have  not  had  the  opportunity  of  sedng  the  specimens,  I  am 
unable  to  say  positively  to  what  part  of  the  Lower  Tertiaries  these 
beds  may  belong :  it  is  probable,  howeyer,  that  those  beneath  the 
London  Clay  down  to  the  ''  Pebbles  **  inclusive  may  belong  to  the 
Woolwich  series,  and  that  the  ''  Sand  (spring)  '*  may  be  the  top  of 
the  Thanet  Sands.  The  beds  called  ''clay-slate"  are,  I  presume, 
hard  laminated  clay  or  shale. 

I  have  also  recently  been  furnished  by  Mr.  A.  C.  Yeley  of  Brain- 
tree  with  the  following  section  of  a  well  at  Halsted. 

Well-aection,  White  Hart,  Hoisted. 

(Letter  from  the  Rev.  W.  Clements.) 

Feet. 

A  layer  of  sand  and  gravd    7 

A  b(Ml  of  yellowish  day 8 

The  London  clay    89 

II.  Wooktick  I  A  layer  of  yellow  sand  passing  into  brown  clay  ...  7 

and  Read' >  A  bed  of 'plasHc  ciay  19 

iny  Series,}  A  greenish  sand 15 

III.  Thanet      f  Several  layers  of  sand  gradually  passing  from  a 

Sands.     \     light  colour  to  nearly  a  black,  about    25 

Chalk  30 

About  200 

The  Rev.  W.  B.  Clarke  also  gives  sections  of  two  weUs  at  Harwich, 
in  which  the  mottled  clays  appear,  but  no  fossib.  (Trans.  Geol.  Soc. 
2nd  ser.  vol.  v.  pp.  369,  370.) 
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Note9  cn  mume  MiiceUaneoM  Fossils  Jram  the  "Woolwich  and 
Reading  Series.'' 

CoRBULA  Arnouldii»  Njst.    Pl.  U.  fig.  3. 

Described,  but  not  figured,  by  M.  Njst  in  bis  *'  Descr.  des  Coquilles 
fbisiles  del  Terr.  Tert.  de  la  Beljnoue/'  p.  67.  This  is  a  not  nn- 
eommon  shell  in  the  Lignites  of  Riltj  in  Champagne.  The  French 
^>ectinens  in  mj  possession  are  rather  larger  tnim  the  English  spe- 
cies ;  and,  further,  as  these  latter  are  merefy  casts,  they  can  only  be 
referred  with  a  doubt  to  this  foreign  species.  From  Oakwells,  near 
BooghtcHi. 

Cyrena  intermedia,  Melleyille.    Pl.  II.  figs.  10,  11. 

MelleYille,  in  his  **  M^.  sur  les  Sables  Tert.  Inf.  du  Bassin  dd 
Pkois,"  figures  and  describes  a  Cyrena  from  Ch&lons-sur-Yesle,  which, 
althou^  rather  lar^r,  bears  a  dose  resemblance  to  a  small  and  ele- 
gmt  shell  common  m  the  upper  beds  at  and  around  Woolwich.  The 
specimen  here  figured  is  referred  with  a  doubt  to  this  French  speciei^ 
which  latter  appears  from  the  figure  to  be  slightly  more  rounded. 

Ampullaria  (Natica)  8XJBDEPRE88A,  Morris.    Pl.  II.  fig.  16. 

In  my  paper  on  the  Thanet  Sands,  Mr.  Morris  briefly  described  a 
new  species  of  Ampullaria  under  the  aboye  specific  appellation ;  but 
it  was  not  figured,  owing  to  the  imperfect  condition  of  the  specimen. 
Haying  better  specimens  from  the  Woolwich  series  and  also  from  the 
Basement-bed  of  the  London  Clay,  the  shell  in  question  is  here 
figured.  (For  description,  see  Quart.  Joum.  Geol.  Soct  yol.  yiii. 
p.  267t*)    Richborough. 

Patella.    Pl.  II.  fig.  24. 

This  IB  a  sin^e  specimen  found  attached  to  a  fragment  of  an 
Oyster  at  Sundndge  Park  by  Mr.  Lunn.  It  does  not  seem  to  agree 
with  any  of  the  French  patelliform  shells ;  but,  owing  to  the  want  of 
tl^  exterior  shelly  no  exact  specific  determination  can  be  made. 

Dentalitjm.    Pl.  II.  fig.  25. 

In  the  memoir  on  the  "  Thanet  Sands''  (Quart.  Joum.  Gkol.  Soc* 
yol.  viii.  p.  248),  the  DentaHum,  apparently  the  same  Sj^es  as  this, 
was  considered  to  be  the  i),  nitens.  This  determination,  howeyer» 
seems  to  me  to  be  yery  doubtful.  I  should  rather  refer  this  species 
firom  Heme  Bay  to  an  imdescribed  form  from  the  "  Lower  Tertiary 
Sands  "  of  Beauyais.  The  specimens  are  too  imperfect  for  exactde* 
termination. 

t  In  a  paper  by  M.  Wttelet  on  the  '*  Stbles  Tertiaires  des  enTirons  de  Soil* 
■ons  "  (Soc.  Hist.  Archil,  et  Sdent.  de  Soissons,  1853),  which  I  haye  just  recdyed, 
is  a  fowil  bearing  a  yery  close  resemblance  to  this  Enf^h  species  figured :  it  is, 
howeyer,  in  a  mnch  better  state  of  preservation.  M.  Watelet  has  named  it  No* 
Hem  k^miibuhaiLr-'[J.  P.,  Jan.,  January  1854.] 

VOL.  X. — PART  I.  M 
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Sbrpula.    Pl.  II.  fig.  26. 

This  is  a  very  common  fofiil  at  Simdridge  Park,  although  it  rarely 
occurs  elsewhere  in  the  Woolwich  series ;  hut,  although  abundant, 
its  characters  are  too  indistinct  for  a  specifie  name  to  be  satis&c- 
torily  applied.  It  is  a  fine,  thin,  convoluted  species.  The  qpedmen 
figured  is  part  of  a  mass  attached  to  an  Oyster. 

FiRrCONE.    Pl.  III.  fig.  3. 

This  beautiftil  roecimen,  the  cast  of  a  Fir-cone  in  a  ferruginous 
landstone  nodule,  is  from  the  Woolwich  series  of  the  Reculyer  Cliffs. 
It  presents  distinct  differences  from  the  Fir-cones  of  the  London  Clay, 
ana  from  that  figured  by  Mr.  Dixon  from  Bracklesham  (Dixon,  Foss. 
Sussex,  pl.  9.  figs.  3,  4).  The  specimen  from  the  Reculvers  is  a 
true  and  well-marked  IKr-eone,  belonging  apparently  to  some  qpedes 
QtAbie$. 

'  SBftD*YB8iBL  (Pl.  III.  fig.  4),  and  other  Vsostablb  RsMAiira. 
(A.  III.  fig.  5). 

.These  fossils  firom  the  Planorbis-bed  at  Counter  HiQ  are  figured 
rather  for  reference  and  record.  At  present  no  specific  determinatien 
can  be  attempted.    They  differ  from  described  specimens. 

Two  Dicotyledonous  leares  have  been  found  by  Mr.  De  la  Conda- 
ttiine  in  the  Faludina-bed  of  the  same  locality. 

Fern-leaf.    Pl.  III.  fig.  6. 

One  of  the  recent  discoveries  by  the  Rev.  Mr.  De  la  Condamine 
at  Counter  Hill.  This  Fern  is  probably  an  Jiplenium ;  the  leaflets 
occur  in  some  numbers,  and  are  associated  with  fraffments  of  Mono- 
cotvledonous  leaves  (especially  PhyUite9  "r,"  PL  IV.  figs.  22,  23), 
fma  one  or  more  Dicotyledonous  leaves. 

Remains  of  Fmhes. 
VerMra  of  Lepido9teuM* .     Pl.  III.  fig.  1 . 

This  specimen  was.  discovered  by  the  Rev.  Mr.  De  la  Condamine 
at  Upnor,  and  I  am  indebted  to  Prof.  Owen  for  the  following  obser- 
vations on  thii  interesting  fossil : — 

''The  body  of  an  anterior  abdominal  vertebra  of  a  large  species  of 
Lepido$ieui,  a  genus  of  Ganoid  Fishes  now  peculiar  to  ih»  rivers  and 
lakes  of  North  America.  The  specimen  is  fossilised ;  similar,  but 
smaller,  fbssil  sp^mens  have  been  discovered  in  the  Eocene  Ter- 
tiary deposits  of  Hampshire.^'—COct.  15, 1852.] 

*  The  dark  entmdled  scales  of  the  Lenidoiteui  have  since  been  found  bj  the 
Bev.  H.  De  la  Condamine  at  Connter  Hifi,  and  hj  Mr.  Rotser  at  Woohridh :  in 
both  places  in  the  npper  beds  of  the  Woolwich  series.  Fhnn  the  former  locificy 
Mr.  De  la  Condamine  hat  also  obtained,  in  the  Palndina  hed,  toottier  vertebra, 
bdongiog  to  a  mnch  smaller  species  of  UpiOottnu  than  the  above-deaoihed. 
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Fiik  Feri0bra. 

The  Tertd>nB  of  Lanma  are  not  rare  in  the  "Lower  Tertiatj 
Sands,"  and  with  them  occur  in  rather  greater  ahundance  the  yertehm 
of  some  osseous  fish,  one  of  which  is  here  figured  (Pl.  III.  fig.  2) ; 
many  of  them  ar^  howcTer,  of  a  much  smalkr  size. 

FUhr9eale8.    Pl.  HI.  figs.  8*,  2**. 

These  are  the  hurge  scales  of  some  Cycloid?  fishes,  to  which  pos- 
iiblj  the  laati«ientiimed  rertehrse  may  also  be  referred.  With  these 
nt  fimod  smaller  scabs  of  similur  character,  and  a  &w  yery  smaU 
oonical  teeth  beloiiging  probably  to  the  same  class  of  fishes.  Loca- 
lities :  Woolwich  and  Sundridge. 

Cyeloid  scales  and  fish-bones  occur  also  at  Counter  Bill*  in  Cbo 
PUndina-bed. 

Bird  Bimaims. 

A  yery  interesting  specimen  of  a  small,  irregularly  cylindrical 
bone,  about  half  an  inch  in  lenstb,  discoyered  by  uie  Rey.  H.  M.  D^ 
k  C^damine  at  Counter  HiQ,  whilst  these  pages  were  nas^g. 
Arough  the  press,  has  been  determbed  by  Pro^  Owen,  wno  haa 
Undly  examined  it,  to  be  the  Jlrst  phalangeal  bone  o/ the  foot  of  a  bird, 
It  is  the  only  such  specimen  found.   [J.  P.,  Jun.,  Apru  10, 1854f] 


D§$$npim9s  qf  nme  Nxw  Srxeiss  qf  Sbklm  ffwn  the  "  Wool* 
wiCH  AND  Reading  Series.*'    By  John  Morris,  F.G.8. 

Cardium  Laytoni,  n.  sp.    Pl.  II.  figs.  1,  2. 

TestI  trigonali,  insauilaterali,  postie^  subangulatA,  obliqaat&>  costati; 
eoatia  numerosis,  pianulatis;  margine  dentato;  umbonibiu  incurvis,  ap 
projdmatis. 

A  trigonal,  inaqjuilateral,  and  somewhat  oblii^ue  shell,  with  the  pos^ 
terior  portion  slightly  angulated ;  the  surface  is  marked  with  nume* 
TWB  flatteoed  ril^  and  lii^ar  interspaces,  which  become  more  distinct 
and  sipamtad  on  the  posterior  angulated  side;  the  margins  art 
strondy  dcutated*  This  shell  is  distinguished  firom  C.  Plunuteml^ 
tdiitf  by  ita  smaller  size,  more  uniform  marking,  and  the  posterior 
side  not  being  so  much  produced  or  angular. 

The  specimen  figured  was  found  at  Bichborough  by  the  Rey.  J. 
isytOD,  of  Sandwich,  after  whom  the  species  is  named. 


Corbula  SsouLBiRMSia,  n.  sp.    Pl.  II.  figs.  4,  6. 
latratA;  striis  teimisaJTnis  irrq^ 

,  yar.  fi.    Pl.  II.  fig.  6. 


TtertAiyato^ttansyerift,  subgibbosl^,  rostrati ;  striis  teimisaJTnis  irrq^ularfeaa 
ornali. 


Tbstl  irregulaii,  yiz  roctntA. 

Ab  09$X0  and  aomewbat  quadrangular  ihell,  with  Aa  posterior 
maigm  but  Tery  §lii^iij  ffoimA  $mvi  m  tba  wm§tf  firom  Sbme 
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Bay,  which  is  ^erally  so.  The  surface  is  covered  with  irr^fukr 
fine  lamimey  shghUj  raised ;  the  umhones  yery  smally  and  approxi- 
mate. 

This  species  has  heen  identified  with  an  undescribed  form  from 
Bracheux,  given  to  Mr.  Prestwich  by  M.  Deshayes,  but  which  is  not 
pubUshed.  Named  after  the  locality  (the  ^ieculyers)  where  this 
species  is  most  common. 

From  Mr.  Prestwich*s  collection. 

Cyrsna  CORDATA9  n.  sp.    Pl.  II.  figs.  7,  8,  9. 

Te8t&  Bubtrigonali,  cras8&,  gibbosft,  rugoslL;  umbonibus  prominentibusy 
antico  rotundato,  postico  subrostrato,  depresso,  attenuato. 

The  general  form  of  this  shell  is  trigonal ;  the  beaks  are  prominent 
and  incnryed;  the  yentricose  character  of  this  shell  towards  the 
umbones  gives  it,  when  viewed  anteriorly,  a  cordiform  appearance 
(whence  the  name) ;  the  posterior  side  is  attenuated  and  slightly 
truncate.  The  surface  of  tne  shell  towards  the  anterior  side  is  very 
rugose  by  the  lines  of  growth. 

This  species  is  intermediate  to  C  cunei/ormis  and  C*  deperdiia, 
and  also  resembles  in  its  cordate  form  the  C.  antiqua  of  the  Paris 
basin ;  it  does  not,  however,  possess  the  depressed  character  of  the 
posterior  cardinal  edge. 

From  Mr.  Lunn's  collection. 

MODIOLA  MiTCHELLI,  U.  Sp.      Pl.  II.  figS.  12,  13. 

TettA  tenui,  laevi,  subtrigonft,  antic^  obtusi,  postic^  dihitatii;  cardine  mar* 
ginali  recto. 

A  somewhat  trigonal,  depressed,  and  dilated  shell,  with  the  um- 
bones obtuse,  the  dorsal  line  straight,  and  the  byssal  margin  nearly 
straight,  or  but  very  slightly  curved ;  the  surface  nearly  smooth,  or 
faintly  marked  by  hues  of  growth. 

This  species  is  near  to  Dreissena  antiqua^  Mell.,  but  the  dorsal 
margin  is  more  produced,  and  the  general  contour  of  the  shell  more 
spathulate. 

Not  rare  in  the  upper  part  of  the  Woolwich  series  at  New  Cross, 
Deptford,  Lee,  and  Blackheath.  It  is  rarely  found  perfect.  Named 
after  the  late  Dr.  Mitchell,  who  obtained  the  best-preserved  specimens 
of  this  shell  at  New  Cross,  during  the  cutting  of  the  Croydon  railway. 

MODIOLA  DORSATA,  U.  Sp.      Pl.  II.  fig.  14. 

A  rare  species — the  specimen  b  hardly  sufficiently  perfect  for  an 
exact  determination  of  its  characters.  It  differs  from  the  preceding 
species  in  the  umbo  not  being  so  terminal,  and  the  form  being  less 
spathulate  and  more  compressed. 

From  Sundridge.     Mr.  Prestwich's  collection. 

PSAMMOBIA?  CONDAMINI,  U.  Sp.      Pl.  II.  fig.  15. 

TettH  ovato-transversli,  iniequilaterali,  depress^,  subinsequivalvi,  concentric^ 
et  irregulariter  striata ;  margine  antico  rotondato,  postico  rostrato,  at- 
tenuato, sinuato ;  margine  postico  sulnncurvato,  dedivi. 
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An  OTate  and  somewhat  spathulate-form  sheH,  inequilateral,  the 
soriace  marked  with  concentric  irregnlar  striee ;  anterior  margin 
ronnded,  posterior  extremity  produced  and  sinuated,  posterior  dorsal 
mmin  somewhat  incurved. 

Ijbis  shell,  which  is  referred  with  some  douht  to  the  genus  Psan^ 
wtobia,  from  its  association  with  fluyiatile  forms,  appears  to  he  readily 
distinguished  from  the  other  Eocene  species  by  the  more  spathulate 
form  and  the  position  of  the  umbones  being  nearer  to  the  anterior 
jDBjmn. 

Ttds  interesting  form  was  found  by  the  Rev.  H.  Pe  la  Condamioe, 
in  the  clay  bed  at  Coimter  Hill,  Deptford. 

Auricula  (Conovulus)  pygmjba,  n.  sp.    Pl.  II.  fig.  1 7. 

A  few  small  shells,  apparently  belonging  to  this  eenus,  have  been 
(bond  by  Mr.  Rosser  in  the  upper  beds  at  Woolwicm. 

The  shells  are  conical,  and  consist  of  four  or  five  somewhat  de- 
pressed Tolutious,  and  an  ovate  aperture  with  one  fold  in  the  colu<» 
mellar  lip,  and  another  towards  the  base. 

Cbrithium  Bowerbankii,  n.  sp.    Pl.  II.  fig.  18. 

Testi  torriti,  brevi ;  anfractibus  subplanis,  longitudinaliter  nodoso-costatis ; 
costis  obliqnis,  transversim  3-4-plicatis ;  8utur&  8ubprofund&. 

A  turrited  shell  with  nine  or  ten  somewhat  depressed  volutions, 
with  six  to  eight  nodose  costse,  which  are  obliquely  arranged  in  lon- 
gitudinal rows,  and  crossed  transversely  by  three  or  four  transverse 
obtuse  ridges. 

Bare  in  the  upper  beds  of  the  Woolwich  series.  From  Mr,  Bower- 
bank's  collection. 

Cerithium  gbacile,  n.  sp.    Pl.  II.  fig.  19. 

Testi  elongatft,  gracili ;  anfractibus  depressis  costatis ;  costis  parvis  sub- 
obliquis ;  sutura  hnek  omatft. 

An  elegant  and  slender  shell  with  numerous  volutions,  furnished 
with  eight  or  nine  small  oblique  costse ;  suture  slightly  depressed 
and  marked  with  a  fine  line. 

Bare  in  the  clays  and  fossiliferous  sands  of  Woolwich.  From  the 
Her.  Mr.  De  la  Condamine's  collection. 

CERITHIVlf  LUNNII,  U.  Sp.      Pl.  II.  fig.  20. 

Teatft  turritft,  brevi ;  anfractibus  7>  transversim  bicarinatis ;  interstitiis  lon- 
gitudinaliter striatis. 

A  small  conical  shell  of  about  seven  carinated  volutions ;  the  two 
principal  obtuse  carinae  occur  on  the  body  of  each  volution,  with  a 
smaller  one  near  to  the  suture :  the  intermediate  spaces  are  longi- 
todinally  striated. 

A  rare  shell.  It  occurs  with  the  last  species.  From  Mr.  Lunn's 
collection. 
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Hyorobia  Pahkiksohii  n.  sp.    Pl.  II.  flg<  21 « 

TettA  otato-conidl,  Isiri ;  anfhictibus  5 1'otuticUltit,  ultimo  tentricofto ;  «peN 
intk  obliqtift,  oritA ;  sutorA  iubpitifimdiL 

A  very  small  conical  shell,  with  five  of  si^  totlnded  and  smooth 
Tolutions ;  the  last  tolution  is  somewhat  tentricose,  with  an  ovate 
aperture. 

This  species  much  resembles  Paludina  intermedia,  Mellevllle,  btit 
that  shell  is  smaller,  more  obtuse,  and  the  form  of  the  ap^*turtf 
different. 

Common  itt  the  Woolwich  beds  from  Guildford  to  Vpnot.  Named 
after  Mr.  J.  Parkinson. 

From  Mr.  Prestwich's  collection. 

Hydrobia  Websteri,  n.  sp.    Pl.  II.  fig.  22. 

This  species  much  resembles  the  preceding,  but  is  rtitj  alight^ 
larger,  and  has  a  more  expanded  and  rounded  mouth,  whioi  gires  it 
a  more  elegant  appearance.  It  is  a  rarer  ibrm«  and  ooeurs  in  tha 
same  beds. 

Named,  like  the  preceding  species,  after  a  well-known  inyestigator 
of  the  geology  of  our  Tertiary  distriots. 

PALtJDtNA  LBNtA>  8ow.,  vAr*  /3.  Mor.    PL.  II.  fig.  23. 

Te8t4  ovato-conic&,  laevi;  anfractibus  5-6  subrotundatit ;  apice  obtuso; 
aperturiL  subo?atl. 

A  smooth  conical  shell,  with  five  or  six  rounded  volntioiu,  the 
apex  obtuse,  and  the  aperture  somewhat  orate.  This  form,  which 
is  difficult  to  distinguish  from  the  P.  lenta,  Sow.,  is  also  considered 
by  M.  Deshayes  to  occur  in  the  Soissons  (Lower  Eocene)  beds,  imd 
to  be  the  same  as  that  found  in  the  Isle  of  Wight. 

Common  in  the  Woolwich  beds  at  Peckham,  New  Cross,  and 
Counter  Hill. 


Notei  on  the  Bntomostraca  6/ the  WooLwtcB  (hui  AsADtit^ 
Bbribs.    By  T«  Rupert  Jones,  Esq.,  P.G.8. 

1.  CrrflERiDBA*  Mt7LLERi,  Munstcr,  sp.  Pl.  III.  fig.  7*  Boaq[Uet, 
EntomostracSs  foMtles  de$  tetraim  terttMiree  di  to  Ft^m^  H 
de  la  Belgique,  p.  39.  pl.  2.  fig.  4  a-/. 

The  valves  of  individuals  of  this  species  have  been  collected  in  great 
number  bv  Mr.  Rosser  in  the  Woolwich  beds ;  both  in  the  shelly 
clays  (of  the  middle  of  the  series),  and  in  the  pebbly  simd  above  the 
clays.  I  have  also  found  them  in  some  plenty  in  clay  with  remains 
of  ovster  shells  from  Woolwich,  and  t  have  met  with  rare  specimens 
in  tne  "  Ovster-bed  *'  at  Clay  Hill,  Shaw,  near  Newbury. 

Generally  the  English  specimens  slightly  differ  from  M.  Bosquet^s 

•  Oythertdea  (Aw^m/)  to  A  tubgeBtift  of  Cyihete  {M9i^),  a  luliiute  Mtalfed 
Crustacean  inhabiting  salt  and  bnckish  waters. 
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igares  in  almost  wholly  wanting  the  longitadinal  parallel  Airrows  on 
tb  Tentral  surface,  which  are  continued  transrerselj  and  conoen- 
trically  across  the  anterior  half  of  the  valTc ;  faint  traces  only  of  the 
concentric  farrows  being  occasionally  seen,  though  irregular  transverse 
furrows  full  of  pittings  are  conspicuous  in  old  specimens.  One  such 
transrerse  furrow,  immediately  posterior  to  the  ''  lucid  spots  "  near 
the  centre  of  the  valye,  is  always  present,  even  in  youne  specimens. 
I  have  not  yet  met  with  well-preserved  individuals  retaimng  the  setae 
of  the  surface. 

Varieties  of  Cytheridea  MuUeri  occur  throughout  the  Tertiarf 
formations;  being  found  in  Hesse,  Austria,  Bohemia,  Westphalia, 
France^  Belgium,  and  the  Netherlands,  in  the  Eocene ;  in  Touraine 
{Miocene) ;  and  in  the  Netherlands  {Pliocene).  M .  Bosquet  also 
records  this  species  as  recent,— ^living  in  the  Zuyderzee,  Holland.  In 
Kigland  varieties  of  this  species  occur  in  the  Coralline  Crag,  the 
Barton  Clay,  and  the  tertiary  sands  of  Coldwell  Bay. 

2.  Cythkridba  Mullbri,  Munster,  sp.;  var.  torosai  Jones. 
Pl.  III.  fig.  8. 

The  variety  differs  from  the  typical  C  Mullen  in  having  the  snr» 
face  of  the  valves  raised  up  into  1-7  irregular  lumps  or  bcMses. .  Of 
these  knobs,  which  are  often  but  ill-denned,  sometimes  seven  caa 
be  counted  on  one  valve.  The  spots  most  usually  occupied,  when  the 
bosses  are  but  few,  are  the  posterior  part  of  the  valve  and  the  cen« 
tndpart  immediately  in  advance  of  the  place  of  the  "  lucid  spots." 

This  variety  has  some  resemblance  to  the  C  iribuUatOf  figured 


and  described  bv  Dr.  A.  E.  Reuss,  Haidinffer's  Verhandlangen» 
vol.  iii.  p.  60.  pi.  9.  fig.  10»  one  specimen  of  which  (since  lost)  t 
have  found  in  the  Barton  Clay.   In  general  form  C.  toroea  resembles 


that  variety  of  C.  MuUeri^  in  which  the  posterior  extremity  is  con* 
tracted  ana  acuminate  (var;  acuminata,  Bosquet  1). 

Found  plentifully  together  with  the  typical  form  in  the  above* 
mentioned  Woolwich  deposits  by  Mr.  Bosser. 

3.  Cythvre  Wethersllii,  Jones.     Pl.  III.  fig.  9  a,  9  h. 

This  elegant  little  species  of  Cy  there  proper  has  valves  of  an  ovat6 
ahape,  contracted  posteriorly,  compressed  on  the  ventral  surface,  and 
with  a  somewhat  triangular  indentation  at  about  the  middle  d  thd 
dorsal  part.  The  profile  of  either  valve  is  almost  a  parallelogram. 
The  surface  of  the  valves  is  ornamented  by  a  delicate  reticulation,  the 
meshes  of  which  are  formed  by  slightly  raised  anastomosinjg  borders. 

I  found  several  specimens  of  C.  Wetherellii  in  clay  with  oyster^, 
shell  fragments  from  Woolwich. 

The  name  borne  by  this  new  species  is  well  known  to  the  students 
of  Tertiary  Gkology.  - 

4.  Cttbkre  Ko«TBLEN6i8,  Renss,  sp.  Hmdinger^eVerhandhmfien^ 

vol.  iii.  p.  68.  pl.  9.  fig.  22.     Pl.  III.  fig.  10. 
Two  specimens  of  a  minute  oblong  Cythere  from  amongst  Mr. 
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Bo88er*8  series  of  Entomostraca  from  Woolwich  appear  to  agree  with 
the  figures  and  description  of  Dr.  Reuss's  Cypridina*  Koitelensis^ 
described  in  his  memoir  on  the  Entomostraca  of  the  AnstriaD  Tcr- 
tiaries,  and  fomid  in  the  Leithakalk  of  Moraria  and  Austria,  in  the 
salt-rock  of  Galicia,  &c. 

5.  Cythere  (Cythereis  f)  plicata,  Munster.     Bosquet,  op.  eii. 

p.  60.  pi.  2.  fig.  13  «-rf.     Pl.  III.  fig.  1 1. 

This  species  I  found  to  occur  not  unfrequentlj  in  some  clay  with 
fragments  of  oyster-shells  from  Woolwich. 

C.  plicata  has  been  found  in  the  Miocene  of  Dax ;  in  the  Eocene 
of  France,  Belgium,  North-east  Germany,  Bohemia,  Austria,  and 
Moravia.  I  have  met  with  it  in  abundance  in  the  white  tertiary  sands 
of  Colwell  Bay ;  also  in  the  Barton  Clay. 

6.  Cythere  (Cythereis)  angulatopora,  Reuss,  sp.     Bosquet, 

op.  cit.  p.  68.  pl.  3.  fig.  5  a-^.     Pl.  III.  fig.  12. 

Two  broken  Talves  of  this  beautiful  species  occurred  in  the  day 
with  fragments  of  oyster-shells  from  Woolwich  which  supphed  me 
with  C.  JFethereUii,  C.  plicata,  &c. 

C  angulatopora  occurs  in  the  Eocene  beds  of  Belgium  (Ghent) 
andof  fVance. 

7*  Candona^  Richardsoni,  Jones.    Pl.  III.  fig.  13. 

Valves  smooth,  thin,  oblong ;  rounded  at  the  extremities,  depressed 
towards  the  anterior  extremity,  most  convex  just  posteriorly  to  the 
centre ;  ventral  border  straight ;  dorsal  border  gently  curved.  Tliis 
spedes  approaches  in  shape  to  the  recent  Candona  reptan$ :  in  ase 
it  is  much  inferior.  It  also  closely  resembles  a  spedes  found  in  the 
Upper  Eocene  of  the  Isle  of  Wight. 

C.  Richardsoni  was  found  by  Mr.  Baily,  in  the  thin  band  with 
Hydrohia,  Planorbis,  and  Cyrena  in  the  Woolwich  pit.  TTie  indivi* 
duals  are  numerous,  compressed  between  the  laminae  of  the  day. 
The  specimens  which  we  have  been  kindly  permitted  to  use  in  figuring 
and  describing  this  little  fossil  are  now  in  the  Museum  of  the  Geo- 
logical Survey,  Jermyn  Street. 

Casts  of  a  spedes  perhaps  identical  with  C.  Richardwni  have  been 
found  by  the  Rev.  Mr.  De  la  Condamine  in  the  Planorbis-bed  at 
Counter  Hill. 

This  spedes  has  been  named  after  Mr.  W.  Ridiardson,  F.G.S., 
to  whom  geologists  and  palaeontologists  are  much  indebted  for  fiicts 
and  fossils  from  the  Tertiary  deposits. 

*  A  generic  term  wrongly  applied  bj  this  palsontologift  in  the  memoir  referred 
to  and  elsewhere. 

t  Cythereis  Gfonet)  is  a  subgenns  of  Cythere  {MHUer). 

X  Candona  (Baird)  is  another  genus  of  the  small  bi^Ted  Cmstaoeant,  and  is 
doaely  allied  to  the  common  Cypris.  Like  the  latter  genua,  it  ia  often  foimd 
abundantly  in  fresh  water. 
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Note  on  the  Fossil  Plants /rom  Reading. 
By  J.  D.  Hooker,  M.D.,  F.R.S.,  G.S.  &c. 

The  fossils  collected  by  Mr.  Prestwich  may  be  all  safely  assumed  to 
represent  a  vegetation  differing  in  no  important  respect  from  that  at 
present  inhabiting  the  north  temperate  zone  ;  but  none  of  them  afford 
sufficient  data  for  approximating  to  the  generic  affinities  of  the  plants 
to  which  they  belonged*.  After  a  carefiil  collation  of  the  specimens 
with  many  existing  plants  comprised  in  the  present  floras  of  Eu- 
rope, Northern  Asia,  and  North  America,  I  find  no  characters  by 
whidi  they  may  be  allied  to  those  of  one  of  these  countries  more  than 
another.  Indeed  I  feel  satisfied  that  similar  forms  of  existing  plants 
might  be  associated  by  natural  causes  in  any  of  these  countries,  but 
that  they  would  not  necessarily  belong  to  tlie  same  species,  or  even 
genera,  in  aU. 

The  total  absence  of  any  remains  indicative  of  a  tropical  vegetation 
is  important ;  for  although  forms  of  foliage  precisely  similar  to  these 
leaves  from  Reading  are  even  more  abuncUmt  in  some  tropical  coun- 
tries than  in  temperate  ones,  it  is  ledtimate  to  suppose  that  had 
the  association  resulted  from  a  tropical  veeetation,  some  more  direct 
evidences  of  their  origin  would  have  been  forthcoming. 

I  do  not  see  that  any  objection  can  be  urged  to  the  assumption 
Uiat  the  climate  of  the  epoch  during  which  these  plants  flourished 
was  a  temperate  one,  experiencing  summer  heat  and  winter  cold,  and 
that  it  was  not  colder  than  that  which  now  prevails  in  Eneland ; 
for  the  large  size  and  membranous  appearance  of  many  of  the  Teavesy 
which,  like  those  of  the  maple,  lime,  poplar,  &c.,  are  annual>  indicate 
some  duration  of  summer  warmth  ;  and  the  leaf-buds  (figured  24, 25, 
and  26)  are  similar  to  those  of  various  trees  which  he  dormant  for  a 
considerable  period  of  the  year.  It  may  also  be  remarked  that  there 
are  no  appearances  of  articulations  at  the  base  of  the  leaves,  such  as 
would  suggest  the  probability  of  any  of  them  belonging  to  Legumi- 
nous or  other  plants  with  compound  foliage,  which  in  the  present  dis- 
tribution of  vegetation  in  the  north  temperate  zone  indicate  a  warmer 
mean  temperature  than  England  now  enjoys. 

The  absence  of  any  traces  of  Coniferous  f  or  other  gymnospermous 
vegetation,  and  of  ferns,  is  a  point  of  considerable  interest ;  for  in  all 

*  These  important  obsenrations  by  Dr.  Hooker  on  the  probable  temperature 
of  this  poriod  were  made  perfectly  independently  of  my  own,  for,  when  they  were 
written,  be  had  not  read  the  previous  part  of  this  paper,  published  in  the  last 
Part  of  the  Journal,  p.  136,  nor  have  I,  until  after  the  printing  of  the  above,  had 
any  communication  with  him  on  the  subject  of  these  plants.  The  conclusions, 
therefore,  to  which  we  have  both  arrived,  upon  independent  evidence,  respectingr 
the  apparently  moderate  climate  prevailing  here  at  this  old  Eocene  period,  and 
the  absence  of  those  tropical  forms  which  abound  in  the  succeeding  London  Clay 
period,  furnish  strong  corroboratite  proof  of  the  truth  of  this  lingular  fact  In  my 
fanner  paper  on  the  Thanet  Sands  I  had  arrived  at  the  same  conclusion  respect- 
ing the  temperature  of  the  sea  in  which  this  oldest  of  our  Tertiary  deposits  wu 
aocomulated  (Quart.  Joum.  voL  viii.  p.  260). — [J.  P.,  Jun.,  April  15, 1854.] 

t  CoidferonB  wood,  however,  is  present  in  the  Woolwich  series  oif  East  Kent, 
tad  a  toast  Counter  HilL— [J.  P.,  Jun.]  • 
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beds  of  an  earlier  epoch  presenting  as  many  species  aa  are  preserved 
in  this,  ferns  especially  predominate.  It  must,  however,  be  borne  in 
mind,  that  in  the  temperate  floras  of  many  parts  of  the  northern 
hemisphere,  neither  ferns  nor  gymnosperms  are  usually  associated  in 
any  great  numbers  with  large-leayed  dicotyledonous  trees.  In  Japan, 
I  befieve  that  Coniferss  and  large-leaved  Dicotyledons  are  associated, 
as  also  in  some  parts  of  America ;  in  England  ferns  generally  accom- 
pany similar  forms  of  foliage  to  the  Reading  fossib ;  whereas  in  Si* 
Dena,  where  broad-leaved  mcotyledonous  trees  are  abundant,  ferns  are 
extremely  rare ;  as  is  also  the  case,  I  believe,  in  many  parts  of  North 
America. 

There  is  no  foliage  resembling  that  of  grasses,  sedges,  or  rushes, 
amonff  the  Reading  specimens,  nor  any  appearance  of  organs  of 
fructification. 

With  regard  to  the  individual  fossils  of  these  beds ;  all,  except 
figs.  22  and  23,  are  decidedly  Dicotyledonous  and  Exo^nous,  'and 
none  present  structural  or  physiological  characters  of  unportancct 
either  in  texture,  form,  or  nervation.  Figs.  22  and  23,  from  havinff 
pandlel  veins,  mav  be  assumed  to  be  monocotyledons  ;  of  these,  22 
IS  too  anomalous-looking  for  me  to  hazard  even  a  conjecture  as  to  the 
appearance  or  nature  of  the  plant  to  which  it  belonged ;  while  there 
are  few  natural  orders  amongst  Monocotyledons  to  which  23  might 
not  be  referred. 

Though  the  leaves  preserved  in  the  Reading  beds  are  all  of  the 
very  commonest  forms  in  the  vegetable  kingdom  (of  Dicotyledonous 
plants),  1  do  not  find  that  they  exactly  resemble  those  of  any  living 
English  species ;  and  indeed  even  were  the  resemblance  so  close  that 
I  could  not  distinguish  them  from  existing  forms,  I  should  not  con- 
sider myself  warranted  in  drawing  any  conclusions  therefrom ;  be- 
cause, in  the  first  place,  the  normal  or  typical  form  of  leaf  in  any 
species  can  seldom  be  decided  by  one  specimen  or  at  one  epoch  of 
ffrowth  I  secondly,  because  very  similar  leaves  may  belong  to  very 
different  species ;  thirdly,  because  the  top,  base,  marem,  ai^  stalk  of 
a  leaf  are  all  absolutely  essential  for  identification  of  the  species  to 
which  it  belongs,  and  these  are  not  all  present  in  any  of  the  Reading 
specimens ;  and  fourthly,  because  in  these,  as  in  all  fossil  leaves,  the 
important  characters  of  texture,  pubescence,  and  colour  are  neoesaArily 
obliterated. 

It  would  be  very  easy  to  produce  from  an  herbarium  leaves  so 
similar  to  1,  2,  6,  12,  13,  14,  18,  &c.,  as  to  deceive  the  inexperienced 
into  instituting  crude  affinities ;  but  after  a  very  careful  comparison 
of  these  fossil  leaves  with  those  of  willows,  poplars,  oaks,  maples, 
Mvricse,  Rhamni,  and  such  familiar  genera  as  must  suggest  them- 
selves to  every  one,  I  find  that  while  I  cannot  advance  beyond  plau- 
sible suggestions,  nor  give  better  reasons  for  such  affinities  than  those 
presenter  by  ouUine,  I  can  adduce  a  copious  list  of  far  less  fiuniliar 
genera  belonging  to  widely  different  natural  orders,  to  idudi  there 
are  as  good  grounds  to  refer  these  leaves,  as  to  the  genera  I  have 
enumerated.  It  must  indeed  be  evident  to  any  one  acquainted  tdth 
th»real  value,  in  a  systematic  point  of  view,  of  charaot^re  dei^^ 
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fhmi  Miage»  that  it  merely  requires  a  Uading  idea  to  surest  affl'> 
t^^m  when  imperfect  remains  of  foliage  are  alone  at  the  naturalist's 
dispoial.  I  haye  no  hesitation  in  8a3ring,  that  were  I  assured  fWmk 
eoUmtaral  evidence  of  the  flora  of  the  Reading  beds  being  intimately 
al^ed  to  that  of  India^  I  should  find  no  difficulty  in  proiducing  the 
allied  tiring  representatives ;  and  the  same  may  be  said  of  the  vege- 
tation of  many  other  parts  of  the  globe :  it  requires,  however,  some 
genend  acquaintance  with  the  plants  inhabiting  different  parts  of  the 
world,  to  appreciate  the  fallacious  nature  of  the  evidence  afforded  by 
leaves ;  these  being  or  all  organs  the  least  important  for  the  higher 
pnrpoaes  of  dassifioation :  a  fact  rendered  familiar  to  the  botanist  by 
the  habitual  practice  of  naming  a  species  of  one  genus  from  the 
fimilarity  of  its  foliage  to  that  of  some  other  plant  often  in  a  totally 
diffbrent  natural  order. 

There  are  two  noints  to  which  I  may  allude^  as  being  of  practical 
itnpottance  to  be  borne  in  mind  in  examining  questions  of  this  nature. 
One  is  the  extreme  difficulty  found  in  identifying  the  imperfect  re- 
Aaitts  of  existing  plants,  although  we  may  be  familiar  with  the  flora 
to  which  they  belong }  and  the  other  is,  that  when  the  clue  to  specific 
identity  is  lost,  and  a  false  identification  is  made,  it  is  generally 
t^  wide  indeed  of  the  truth.  My  attention  has  been  pluticularly 
drawn  to  these  facts  in  foreign  countries,  when  examining  recent  de- 
poiita  in  iilt ;  and,  though  f  am  quite  ready  to  admit  that  the  power 
df  identification  in  such  cases  depends  as  much  upon  a  degree  of  skill 
or  taoty  which  differs  in  amount  with  every  individual,  as  upon  abso- 
lute botanical  knowledge,  still  I  think  that  no  one  who  has  not  re- 
sorted to  an  e^trmtntum  eruci§  of  this  sort  can  form  a  just  idea  of 
the  real  difficulties  of  the  task,  of  the  number  of  species  he  mxr  make 
of  different  leavca  of  the  same  plant,  of  the  false  affinities  ne  may 
drawi  and  the  fUse  conclusions  to  which  he  may  be  led. 

Had  the  fossils  of  the  Reading  beds  been  presented  to  me  in  a  recent 
sUte»  aad  without  my  knowing  their  native  plaoe,  I  do  not  believe  I 
should  have  been  able  to  approximate  with  any  tolerable  degree  of 
certainty  to  their  affinities  one  with  another,  or  to  their  podtion  in 
the  vegetable  kingdom ;  and  as  I  further  do  not  think  that  they  are 
even  ^nerically  recognisable,  I  cannot  deem  it  advisable  to  give  them 

Snenc  and  specific  names.  The  excellent  plate  which  accompanies 
r.  Preitwich's  memoir  serves  all  the  purposes  of  a  description,  as 
the  fossils  possess  no  botanical  characters  of  importimce  not  repre- 
Mated  in  the  lithograph  (PI.  IV.). 

It  will  not,  I  hope,  be  inferred,  that,  in  refraining  from  naming  and 
defining  these  vegetable  remains,  I  am  imdervaluing  their  importance 
in  a  geological  or  botanical  point  of  view.  On  the  contrary,  I  think 
that  giving  them  a  fictitious  value  of  this  kind  (which  requires  neither 
akill  nor  knowledge)  is  not  only  a  perversion  of  the  true  aim  and 
object  of  botanical  science,  but  is  calculated  to  mislead  both  geologists 
and  botanists,  besides  swelling  those  already  unmanageable  catalogues 
of  names  for  unintelligible  fragments  of  vegetables,  miscalled  systems 
of  fossil  plants.  Both  in  a  geological  and  botanical  point  of  view  the 
Reading  fossib  are  of  first-rate  interest  and  importance,  as  presenting 
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US  with  an  association  of  fonns  so  entirely  analogous  to  those  nofw 
existing,  as  to  leave  no  grounds  for  assuming  that  the  now  preyalent 
forms  of  foliage  amongst  Dicotyledonous  plants  did  not  predominate 
before  the  glacial  epoch,  posterior  to  which  all  the  existing  British 
plants,  except  the  alpines,  were  introduced  into  oar  island,  as  has 
been  shown  by  Professor  £.  Forbes  in  his  Essay  on  the  Flora  and 
Fauna  of  the  British  Islands.  I  need  hardly  add,  that  the  T^tadon 
of  the  Reading  beds  presents  no  affinities  whatever  with  that  of  the 
London  clay. 

Observations  on  the  Specimens. — Fig.  1.  is  a  very  common  form  of 
leaf  amongst  various  classes  of  Dicotyledonous  plants,  but  does  not 
exactly  resemble  any  hving  plant  with  which  I  am  acquainted.  I 
assume  that  the  scar  at  its  cordate  base  represents  the  point  of  in- 
sertion on  the  stem,  and  that  the  leaf  was  therefore  sessile. 

Fig.  2.  resembles  the  foliage  of  many  species  of  European,  North 
American,  or  North  Asiatic  Maples,  but  may  be  compared  vrith 
equal  propriety  to  the  foliage  of  so  very  many  other  genera  and 
natural  orders  that  I  cannot  attach  the  smallest  importance  to  the 
resemblance. 

Figs.  3-8.  I  can  suggest  no  resemblances  for  them  that  are  worth 
recording.     Figs.  3  and  15  possibly  belong  to  the  same  species. 

Fig.  11.  resembles  a  fragment  of  fern-frond,  but  equally  well  repre- 
sents a  portion  of  the  pinnatifid  leaf  of  a  composite  or  umbelli- 
ferous plant,  and  may  indeed  be  referred  to  very  many  other  natural 
orders. 

Figs.  12,  13,  14.  are  very  common  forms  of  Dicotyledonous  leaves 
that  do  not  surest  any  particular  analogies  to  me. 

Figs.  16>21.  are  quite  unsuggestive  to  me.  Of  them,  18  may  be  a 
portion  of  a  pinnatifid  leaf,  or  may  be  a  fragment  of  the  midrib, 
&c.  of  a  large  entire  leaf. 

Fig.  23.  I  have  alluded  to  as  probably  indicative  of  a  Monocotyle- 
donous  vegetation. 

Figs.  24-26.  are  finely-preserved  buds  of  a  Dicotyledonous  shrub  or 
tree,  but  of  what  natural  family  it  is  impossible  to  say.  Pedlars, 
Ericeae,  and  many  other  orders  have  similar  ones. 

Fig.  27.  I  can  make  nothing  of. 

Fig.  28.  I  am  equally  at  a  loss  to  understand.  Seeds  have  been  sug- 
gested by  one  friend,  and  an  insect's  gall  by  another. 

Fig.  22.  Were  I  assured  that  this  was  what  it  appears,  a  petiole  with 
two  leaflets  or  lobes  of  a  fan-shaped  leaf,  it  would  be  curious ;  but 
I  have  been  so  often  deceived  on  the  one  hand  by  appearances 
assumed  by  fragments  of  foliage,  &c.  thrown  into  accidental  juxta- 
position, and  on  the  other  by  the  false  analogies  that  imperfect 
specimens  suggest,  that  I  cannot  venture  to  give  any  opimon 
about  it. 
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EXPLANATION  OF  PLATES  L  IL  lU.  IV. 

PlatkL 

L  GmnMAL  Sbctiok.  Ghres  a  general  view  of  tke  Tertiary  series  in  their  range 
from  the  Isle  of  Wight  to  the  Isle  of  Thanct,  chiefly  for  the  purpose  of 
showing  the  eoRdation  of  the  Middle  and  Lower  Eocene  deposits  of  the 
Hampdjire  district  with  those  of  the  London  district,  and  also  to  giye  the 
position  and  reUtkm  of  the  Lower  London  Tertiaries,  of  which  la^er  heds 
the  SQOoeeding  diagrams  gi? e  enlarged  representations. 

IL  DiAGftAiis.  These  gire  the  stmctnre  as  determined  from  a  number  of  actual 
(local)  sections  of  ^he  Lower  London  Tertiaries,  and  more  particulariy  of 
Uie  middle  division  thereof,  or  the  Woolwich  and  Reading  Series.  This 
lattCT,  in  Diagram  A,  ii  divided  horizontally  into  three  aresia — the  western 
one  ( W.)  onjossiliferous,  the  central  one  (C.)  flumtile  and  estuarine,  and  the 
eastern  one  (B.)  marine.  In  terming  the  first  unfossiliferous,  this  is  used 
as  a  oomparaUre  term ;  for  a  few  rare  fbssiliferous  beds  do  occur,  as  the 
one  containing  ^le  0$trta  BeOovaema,  which  is  not  onfrequently  found  at 
the  base  of  the  series,  but  in  no  other  part  of  it ;  whilst  a  few  feet  higher 
in  the  series  the  rich  bat  local  bed  of  fossil  plants  at  ^fading  is  placed. 
Apart  from  these  excq>tions,  tiie  great  mau  spread  through  this  area  con- 
tains no  trace  of  oreanic  remains.  The  horizontal  extent  of  the  fluriatile 
beds  ii  well-mariLcd  by  the  lenticular  dark-coloured  mass  in  the  central 
area.  The  marine  character  of  C  in  the  eastern  area  is  apparent  at  a 
few  localitiea  only;  a  large  portion  of  the  mass  contains  no  fossils. 
The  numbers  refer  to  sections  actuaUy  observed ;  of  these  the  following 
are  described  or  mentioned  in  the  text  of  Uiis  or  of  preceding  volumes : — 

Diagram  A. 


Loe.  Sect.    Page 

Ho^erford  ' 1  85 

Pd)bleHill   ^ 2  85 

Hewbory 3  • 87 

fiedHm    4  87 

Besding  (Bath  road) 5  88 

SonningHill 7  89 

Twyfofd,  Berics 8  89 

StsrvcaU   11  90 

PeiJands  12  90 

Hedgeriey 13  ..vL268 

Uxbridgc  14  91 

HsnweU 15  94 

Ctitlebcar  Hill 16  94 

Twyford,  Middlesex 17  95 

Bsyswater 18  96 

TnCUgar  Square  19  148 

BiBk  of  England 20  143 

Id  addition  to  the  foregoing  sections  there  are  the  following,  which  are  not  de- 
Mribed  in  the  previous  psges,  and  of  which  explanations  are  hardly  necessary,  as 
tbey  are  either  described  elsewhere,  or  else  the  dotted  lines  show  the  beds  they 
tnverse  and  the  relative  thickness  thereof: — 
LocSed. 

6  •-...  Kate -grove  pit,  Reading.    Dr.  Buekland  in  Trans.  GeoL  Soc  ser.  2. 
voL  iv.  p.  276. 

10 Section  at  the  brick-field  on  the  hill  between  Maidenhead  and 

Marlow. 

26 Experimental  pit  sunk  on  the  S.  side  of  Plumstead  Heath. 

27  WeU  on  Bexley  Heath. 

28 Old  pit  on  the  hill  W.  of  Crayford.    (This  is  drawn  too  near  29.) 

30 Section  on  the  sides  of  the  lane  leading  into  Darent  Wood  from 

Darent. 

41  ...^^  WdUeetion  on  Boughton  Hill. 


Loc.  Sect    Page 

Royal  Mint   21  149 

Whitechapel 22  150 

Bromley, nr. Stratford...  23  151 

Charlton    24  103 

Woolwich 25  102 

E.  of  Bexley 29 107 

E.  of  Green  St.  Green...  31  107 

Grevesend 32  107 

Shome  33  107 

Upnor    34  107 

Otterham  Wharf  35  109 

Near  Faversham   36-7  ...109 

N.W.  of  Boughton 38-9  ...109 

Boughton  40  109 

N.W.  of  Canterbury 42  110 

E.  of  Heme  Bay  43  HI 
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DlAGBAM  B. 

Loe.Seet.  Pagt  Loe.  Sect.  Page 

Cheshtm  1  90    i    Chobhtm  ...  5...  ToLiu.pl.  14. £.10, 

Hedgeriey 3  ▼ol.vi.268    |    GuUdford  ...  6 ToLvi.fi60 

To  thaie  we  ham  to  tdd  tbe  following^— 
JLiHf  Sect 

2 Brick-field  at  Oik  End  near  ChaUidiil. 

4  WeU-aectioti. 


DlAOKAM  C. 


lac*  Sect.  Page 
4mae8N.ofWare  1  92 


I  mUe  B.S.E.  of  Hertford...  2 

Chalk  pits  near  Northaw ...  3 

Winchmore  Hill   4 

Colney  Hatch    5 

Shoreditch, 6 


92 
..  92 
..145 
.145 
.143 


BoyalMint   

New  Cross,  Nayal  School*,  8 

New  Cross,  Railway 9 

Sundridge  Park , 13 

Hayes  Common..*, ,*,„18 

Keston  Common  ...., 19 


loe.Scci-  P^9^ 
7  ...~149 


.105 
»104 
.100 
..  99 
..  99 


The  following  are  the  additional  seetioni  not  described  in  the  text:^ 
Loc.Sect. 

10  Lewisham  (see  Buckland  in  Trans.  GeoL  Soc.  ser.  2.  foL  i?.  p.  287). 

11  Belmont  near  Chiselhurst 

12 Section  in  brick-field  on  the  bill  half  a  mile  M.W.  of  CbSadhnrst 

Common. 

14  Section  of  the  shaft  at  the  chalk-pits  on  the  S.  side  of  Chiselhnitt 

Common. 

15  Several  small  sections  near  Widmore  and  Leaves  Green. 

16  Small  cuttings  on  the  road^dki  between  Bromley  and  Hi^ril» 

17  Pits  on  the  N,  nde  of  Hayes  Common. 

In  these  diagrams  the  local  sections  are  not  always  tdten  on  an  exact  $lnilfid 
Mne  of  section  { where  no  sections  oflfered  on  those  lines,  sections  at  short  dirtaneei 
to  the  right  or  left  of  them  have  been  taken.  In  looking  at  the  diagrama,  it  is 
neeessary  to  imagine  that  the  nnfossiliferous  portion  of  A  should  be  a  mottled  dait 
red,  blae,  and  greenish  eoloor,  with  subordinate  beds  of  light  ydiow,  which  eekmn 
gradually  pass,  in  the  fluviatile  area,  into  green  at  base,  with  grey,  bhve,  red, 
and  yellow  above,  which  again  give  way  in  the  marine  area  to  a  nouiy  Qnjfbnn 
mass  of  verv  light  green,  assimilating  greatly  to  the  general  tone  of  the  undertyin^ 
Thanet  sands.  The  prevailing  colour  of  the  Basement-bed  of  the  London  ela^ 
ihoold  be  ochreoos  of  different  depths  of  colouring,  from  very  light  ydlow  to  deef 
fisnruginout.    It  was  intended  originally  to  have  coloured  these  Diagrtma, 

IBrraium,  p.  142,  In  oobmin  of  figures  line  15  from  bottom,  fur  100  tat  Mpf 
164  feet.] 

Plats  IL 


Fig. 


1.  Inside. 

2.  Outside. 
3  a.  Nat.  size. 
3  b.  Enlarged. 
4.    Perfect. 

Outside. 


5. 
6. 
T. 
8. 
9. 


Aaitf  8kiO§J¥mm  the  Wodrntck  JUii. 

Cardiom  Laytoni,  Jferrit.    RicUxNTM^ 

Silioaoiueaat<tfCoriMaAirnoddii,Aryff.  OakweOs. 

Corbola  BegnlUenats,  Jtfbrrit.    BMabeca. 

NewCtess. 


Outside..*^..Corbn]a  Regnlbiensis,  var.  A  Jforrtr. 
Outside.   1 

Inside,      v  Cyrena  cordata,  lfpm#.    Dqytford. 
End  view.  J 


*  Loetd  SectUma  8  and  9  should  bt  pitied  M«r  lOgilbff  i»  tko  Oiagia^ 
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^'ih    £^J[' jCyrenk  intermedia,  Afettwtfte.    Woolwich. 

13.  p^S^'*  }ModioltMltcliem,Jfomf.    NewCroo. 

14.  Cast  (imperfect)  of  Modiola  dorsata,  Morrii,    Sundridge. 

15.  Exterior  of  Piammobia  Condamini,  Morrii,    Counter  HilL 

16.  Side  Tiew  of  Ampollaria  sabdepressa,  Morris.    Woolwich. 

}^J;  g^;j^];AnricuUpygm«a,Jlforrif.    Woolwich. 

18.  Cerithium  Bowerhrald,  Morris,    Woolwich. 

19.  -^—  mdle,  Morris,    Woolwich. 

20.  —  Lunnii,  Morris,    Woolwich. 

m.  EnUrwd. }  "y*^Wa  Parldnioni,  Morris,    Woolwich. 

m.  E^amd.  /  "^^^^  Websteri,  Morris.    Woolwich. 
23. '  Palumna  lente  (Sow.),  yar.  fi,  Morris,    New  Cross. 

24.  Patella.    Sondridge  Park. 

25.  Dentalmm.    Heme  Bay. 

26.  Serpola.    Sondridge  Park. 


Plate  III. 

Rgmaims  ^Fishu. 
fig.  1  «.  Posterior  1 

1  b.  Anterior     » aspect  of  an  abdominal  Vertebra  of  Lepidosteos.   Upnor. 
1  e.  Lateral 

5J;^^^  I  aspect  of  a  Vertebra  of  a  Fish.    Woolwich. 
^^  I  Cycloid  ?  sealM  (imptrfeet).    Woolwich. 

Remuims  ^Plants. 

3.  Impression,  im  sanditone  aodule,  of  the  Cone  of  an  Abies.    Recnlver 

cm. 

4.  Seed-ftessel.    Counter  Hill. 

ft.    Vegetable  remains  i— possibly  compressed  seed-yessels.    Counter  Hill. 

6.  LaaiiCofaPetm,UkeAspleBium.    Counter  HilL 

Entomostr9ea,Jrom  Wookrieh, 

7.  Cytbiridea  Molleri,  Miikuter,  sp. :  left  carapace-yalye. 

8.  Cytberidea  Miillcri,  yar.  torosa,  /met :  right  carapace-yalye. 

9  «.  1  Cythere  WethereUi,  Jmus.    Left  yalve  and  the  dorsal  edge  of  the 

9  b.  J     ri^  yalfe. 

10  d.  1  Cythere  Kostelenris,  Smss,  sp.    Perfect  specimen,  showing  its  left 
10  k.  J     yahe  and  the  dorsal  aspect  of  both  yalyes. 

11.  Cjthereis  pUttta,  Mmmer,  sp.    Left  yalve. 

12.  Cythereis  ananlatopora,  JUuss,  sp.    Left  yalye  (imperfect). 
Ctodona  Richardsoni,  Jonss.    Left  yalye,  and  the  dorsal  edge  of  the 

right  yalfe. 


13V  1< 
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PlawIV. 

Impretnons  of  PouU  LeaTes  from  a  Bed  of  Gay  in  the  BaOway  Cuttu^  uear 
Beading  {vide  n^ra,  p.  88,  Plate  L  Diagram  A.  Local  Section  5 ;  and  p.  1&). 

[NoCea  on  the  rdatife  abmidaace  of  the  tercnd  IbnM  ia 

tiie  MpKimnnM  of  the  day  in  Mr.  Prertwidi't  eolleetMW.} 

(c)    Single  specimen,  occurring  with  "9"  in  a 

group  of***." 
(b,)    Abundant:  occurs  in   groops;  together 

with  ••«,"  **c,"**d;"  •**,"  •*//'  "p.'* 

**7V'  large  specimens  of  **/»,"  **  r,"  **  #," 

** «/'  and  large  stem-like  bodies. 
Rare.    Single  specimens  of  **  e,"  **  d,"  and 

**  e  *'  occur  on  a  small  piece  of  day,  with 
•    leaves  of***."    A  leaf  similar  to  «*rf" 

occurs  also  with  **  /" ;  and  another,  bat 

with  a  long  peduncle,  occurs  with  **  p," 
Abundant.  In  groups ;  together  with  **  *," 

**^,"  ***,"  «•/»,"  ''y,"  *•#,"  and  stem. 

like  bodies. 
Abundant    In  a  compressed  mass;  and 

with  **  *,"  **/,"  **>,"  and  **#."    Neariy 

aUiedto*'*." 
Rare    (unique).     With  **p "  and 

stem-like  markings. 
Sin^e  specimen,  in  very  sandy  day. 


Fg.  1 Phymtes.. 

2 Phyllitos.. 

3 Phyllites... 

4 Phyllites... 

5 PhyUites... 

6,7,8 Phyllites... 


id,) 


(/• 


9,9»,9«',10.  Phymtes...  (p.) 

11 PhyUites...  (A.) 

12 PhyUites...  (L) 

13 PhyUites...  0'.) 

14 PhyUites...  (*.) 

15 PhyUites...  {I) 


16,16* PhyUites... 

17 PhyUites... 

18 PhyUites... 


0.) 


19,20,20*  ...    PhyUites...  (/».) 


21 PhyUites...  (y.) 

22,23  Phymtes...  (r.) 


24,25,26 (Buds)    ...  (  #.) 


27 (Stem)    .. 

28 (Seeds?)., 


(tc.) 


29 Phymtes...  (©.) 


**/»,"  and  stem-like  bodies. 

Rare.  Occurs  with  **/,"  ">,"  "/»,"  and 
stem-Uke  impressions. 

Rare.  With  a  leaf  resembUng  **  d,"  large 
spedmen  of  '*/?,"  and  omcure  grass- 
like impressions. 

Rare  (two  specimens) :  with  «*jr." 

Single  specimen :  with  **/»." 

Single  specimen;  with  traces  of  stem- 
markings  siipilar  to  itsdf. 

Abundant.  Occurs  scattered  throngli 
very  many  portions  of  the  day;  se- 
veral leaflets  often  retaining  thdr  re- 
lative positions,  as  in  fig.  20.  A  form 
similar  to  fie.  19,  but  laiger,  is  also  very 
common.  Leaves  of  **/? "  occur  with 
•**,"  **d,"  **/,"  **  V  **i,"  "i,"  "A" 
**  m,"  **  r,"  **  #,"  with  a  leaf  like  «  «," 
and  with  obscure  grass-like  marldngs. 

Single  spedmen :  with  '*/." 

Abundant  in  some  pieces  of  the  day.  (The 
relation  of  the  leaf  to  the  stem  in  fig.  22 
is  very  obscure.) 

Common ;  occurring  wHh  **  a,"  **  *,"  **/." 
**^,"  **/»  "  and  laige  •*/?."  **r,"  and 
with  leaves  lUce  **e"  and  "7";  but 
most  commonly  assodaled  with  **  b " 
and  **^."  (The  stem  in  fig.  24  is  not 
connected  with  the  bud.) 

A  ferruginous  body  in  sandy  day. 

Two  spedmens  occur;  with  *****  and 
stem-like  impressions. 

Single  specimen,  occurring  with  *'  t." 


[iVb/e.— The  most  abundant  leaves  are  ***,"  **p,"  and  "/?";  less  abundantt 
but  also  found  in  groups,  are  '*/"  and  **/"  Fragments  of  **  r,"  and  iht  bods 
**  a,"  are  not  uncommon.  Ferruginous  reUcs  of  pieces  of  wood  are  also  met  with 
in  these  days.] 
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PROCEEDINGS 

OF 

THE  GEOLOGICAL  SOCIETY. 


November  30,  1S53. 

Dr.  John  Lister,  the  Bey*  W.  L.  Symonds,  A.M.,  David  Page, 
Esq.,  and  A.  Robinson,  Esq.,  were  elected  Fellows. 

The  following  communications  were  read : — 

\.  On  the  Occurrence  of  Fossil  Insects  in  the  Wealden  Strata 
of  the  Sussex  Coast.    By  Messrs.  William  B.  and  Henry 

BiNFIELD. 

[Commanictted  by  Prof.  J.  Morrii,  F.G.S.] 

The  specimens  which  we  have  the  honour  to  present  to  the  Geplo- 
gcal  Sociebr  are,  we  believe,  the  first  remains  of  Insects  from  the 
Wealden  of  Hastings  which  have  been  brought  before  the  notice  of 
the  Society*  ;  the  details  we  have  been  able  to  collect  respecting  the 
position  and  character  of  the  beds  containing  them  may,  therefore, 

*  The  discovery  of  Insect-remains  in  the  Hastings  Sands  series  of  the  Isle  of 
Wightf  by  Prof.  E.  Forbes,  is  briefly  referred  to  in  Quart.  Joom.  GeoL  Soc.  No.  34. 
P.  52,  note ;  and  the  occurrence  of  a  few  fragments  of  Coleopterous  elytra  in  the 
Wealden  marUtone,  ircm  between  Tunbridge  and  Maidstone,  was  noticed  by  the 
late  Dr.  Mantell,  iM.  vol.  ii.  p.  96 ;  and  again,  voL  v.  p.  39. 
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perhaps  be  interesting,  although  offered  merely  as  addenda  to  the 
memoirs  already  publ^hed  on  these  strata.  A  sketch  of  the  Hastings 
Cliffs,  including  many  localities  where  the  insect-beds  occur,  will  be 
found  in  the  '  Geological  Transactions,'  2nd  ser.  vol.  ii.  Part  1 .  pi.  5, 
appended  to  Professor  Webster's  memoir  "  On  the  Strata  near 
Hastings  "  (p»  31,  &c.  of  the  same  vol.),  to  which  we  shall  frequently 
refer,  as  well  as  to  Dr.  Fitton's  memoir  "  On  the  Strata  below  the 
Chalk,"  Geol.  Trans.  2nd  ser.  vol.  iv.  Part  2. 

The  lowest  beds  in  which  we  obtamed  traces  of  Insect-remains 
are  the  courses  of  ironstone  (Webster,  loc.  cit.  p.  34, — No.  1  of  our 
General  Section,  infra^  p.  1 75)  exposed,  near  low-water  mark,  at  the 
Govers  (or  Covehurst),  Ecclesboume,  East  Cliff,  and  Bulverhythe 
(near  the  place  where  Tower  No.  42  formerly  stood)  ;  and  wnich 
cover  a  bed  of  light  blue  clay,  darker  downwards,  with  red  stains. 
The  lower  courses  are  very  carbonaceous,  as  described  by  Webster, 
but  the  two  highest  are  much  less  so,  afford  fewer  traces  of  Plants, 
are  very  compact,  and  exhibit  the  pecuhar  mineral  structure  shown 
by  the  specimens  ♦  No.  40  and  No.  90  :  the  highest  bed  is  conspicuous 
on  the  shore  from  its  smooth  pavement-like  appearance,  with  the 
surface  traversed  by  numerous  vertical  cracks ;  it  separates,  by  the 
action  of  the  waves,  into  very  smooth  square  blocks.  In  these  beds 
we  have  found  a  few  minute  elytra  and  fragments  of  Neuropterous 
wings ;  but  our  imperfect  opportunities  of  examination,  on  account  of 
neap-tides  and  limited  time,  render  it  probable  that  a  more  thorough 
research  would  be  rewarded  by  the  discovery  of  a  very  extensive 
series  of  insects  in  this  group  of  strata ;  and  more  especially  from 
the  beds  Nos.  3  6,  6  c,  10,  and  12  of  Greneral  Section  (p.  175),  in 
which  traces  of  insects  are  very  abundant.  The  ironstone  at  Bulver- 
hythe yielded  Sphenopteris  Mantelliy  several  small  undescribed  Ferns, 
a  seed-like  body,  and  other  interesting  plant-remains :  in  similar 
beds  at  Fairlight  the  same  Sphenopteris  is  also  abundant,  together 
with  Cyclopteris  ?,  seed-like  bodies,  and  a  small  fish. 

Above  the  courses  of  ironstone  just  described,  the  next  Insect-bed 
(3  b  of  Section  at  p.  175)  is  a  portion  of  the  ''dark-coloured  shale, 
which  is  seen  at  the  Govers  and  Cliff  End,  and  contains  small 
roundish  masses  of  sandstone  "  (Webster,  loc,  cit,  p.  34),  and  stated 
by  Dr.  Fitton,  in  his  *  Geology  of  Hastings,'  p.  37,  "  H,"  to  be  part 
of  the  "  Ashbumham  Group"  of  Dr.  Mantell  ('Geol.  S.E.  of  En- 
gland,' p.  192,  &c.).  The  ironstone  beds,  previously  described,  may 
be  seen  below  this  shale  (with  from  15  to  20  feet  of  sandstone  and 
clay  intervening)  near  the  Coast- Guard-house  at  Ecclesboume,  and 
also,  less  distinctly,  at  East  Cliff.  In  the  upper  part  of  this  shale 
many  elytra  occur ;  also  traces  of  wings,  abdominal  plates,  &c.  of 
Coleoptera,  Neuroptera,  Dipteral,  &c.  occasionally  well  preserved. 
Many  of  the  elytra  were  obtained  at  East  Cliff,  where  the  "  dark- 
coloured  shale"  of  Webster  is  divisible  into  the  beds  marked 
No.  SoySb,  and  3  c,  of  our  General  Section  (at  p.  1 75)  ;  3  b  contain- 
ing the  Insects.  Above  this,  after  the  courses  of  sandstone  ;ind  shale» 
Nos.  4  to  6  6,  a  second  bed  of  brown,  sandy  shale  occurs  (No.  6  c); 
*  The  specimens  referred  to  are  in  the  Society's  Museum. 
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▼ery  Hke  the  lower  shale  (3  b)  coDtaining  Insects,  but  affording,  with 
Insect-remains,  Estkeria  in  abundance,  which  we  have  not  found 
in  the  beds  below  this.  Masses  of  this  shale  are  seen  on  the  shore 
between  East  Cliff  and  £cclesboume,  attached  to  sandstone  blocks 
which  have  fallen  from  the  cliffs ;  this  sandstone  immediately  succeeds 
the  "  Estheria  shale,"  and  is,  with  its  shaly  partings,  about  33  feet  in 
thickness. 

A  bed  of  ironstone  (No.  8)  occurs  in  the  shale  immediately  above 
this,  and  is  the  lowest  bed  in  which  we  have  found  the  Cypris  Vol- 
denns ;  it  also  afforded  scattered  Fish-scales  (like  those  found  with 
Cyprides  in  the  beds  Nos.  10  and  12  ;  in  fact,  in  all  the  strata  con- 
taining Cyprides),  Paluditue,  &c.,  with  an  obscure  trace  of  the  body 
of  an  insect. 

The  opercula  of  some  species  ofPaludina  occasionally  occur  in  the 
lower  Insect-shales,  but  we  have  not  found  either  the  Cypris  or 
Bstheria  below  this  Ironstone  (No.  8),  which  is  the  lowest  stratum  in 
the  shale  separating  the  beds  No.  7  from  the  thick  light-coloured 
sandstone  No.  9  ("Worth  sandstone,"  Mantell,  *S.E.  England,' 
p.  14,  Imd  No.  1  of  p.  197  ?).  Above  this  we  found  the  strata  in- 
accessible at  East  Chff  and  Ecclesboume,  but  among  the  masses  on 
the  beach  were  a  few  blocks  of  ironstone  having  many  of  the  characters 
of  the  St.  Leonard's  ironstones. 

The  position  and  character  of  the  strata  surrounding  that  town 
being  minutely  described  by  Dr.  Fitton  CGreol.  Trans.  2nd  ser.  vol.  iv. 
Part  2.  p.  1 69,  &c.),  we  shall  only  add,  tkat  from  the  courses  of  iron- 
stone ( 1 0  of  Section  at  p.  1 74),  No.  5  of  Group  III.  c.  p.  1 69  of  that 
memoir,  and  from  the  ^'  tabular  ironstone  "  (y.  of  (iroup  III.  b. 
p.  167)>  we  obtained  numerous  fragments,  wings,  and  elytra  of 
Coleoptera,  Neuroptera,  &c.,  with  Cypris  Faldensis  and  C.  spiniyera, 
Paludina  fluviorum,  P.  earinifera,  Cyclas  media,  and  a  few  frag- 
ments of  Plants  too  imperfect  to  be  determined. 

We  obtained  a  few  miperfect  specimens  of  Unionida  in  the  more 
friable  sandstone  associated  with  the  grit  (No.  1  of  Dr.  Fitton's 
Group  III.  c.  on  the  shore  below  St.  Leonard's),  which  Dr.  Fitton 
states  to  have  afforded  him  "  some  large  Uniones,**  also  in  the  sandy 
shale  containing  Lonchopteris  Mantelli,  at  Bexhill. 

The  mcreased  building  at  St.  Leonard's  and  Hastings  has  obscured 
many  of  the  sections  described  by  Dr.  Fitton ;  but  beds  apparently 
equivalent  to  his  Group  III.  a,  or  lietween  Groups  II.  and  III.  loc. 
cit.  p.  166,  were  exposed  in  a  quarry  opened,  near  the  Black  Horse 
Inn,  on  the  high  road  between  Battle  and  Hastings,  to  obtain  cal- 
dferous  grit  for  the  roads. 

We  have  subjoined  a  section  of  this  quarry,  as  the  workmen  have 
abandoned  it,  and  the  banks  will  probably  soon  have  fallen  in :  the 
lower  strata  exposed  in  it  appear  to  correspond  with  those  seen  in  the 
highest  part  of  the  cutting  close  to  the  west  end  of  Bo-peep  Tunnel. 
A  neuropteraus  wing  was  obtained  from  the  fourth  layer  of  indurat^ 
shale  in  the  bed  No.  1  a  (of  the  Quarry  section,  p.  175),  of  which  at 
least  three  courses  contain  Insect-remains ;  and  both  the  indurated 
and  softer  shales  afford,  in  abundance,  Cypris  Faldensis,  C.  /ti6er» 
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cukUa,  C,  spimgera^  Cyelas  mediae  Ci/rena,  Paludina  JIuvwnm, 
P.  earini/era,  with  Lignite  and  imperfect  Plants.  The  rich  iron- 
stones (No.  1  6  of  the  Quarry  section)  also  contain  numerous  casts 
of  Paludifue. 

We  have  placed,  provisionally,  the  beds  Nos.  13, 14,  and  15  of  the 
General  Section  (see  infra)  above  those  of  the  Black  Horse  Quarry, 
the  thin  bed  of  sandstone  at  the  top  of  the  quarry  appearing  to  corre- 
spond with  a  part  of  the  lowest  of  Mantell's  "  Horsted  beds." 

The  ironstone  No.  14  of  the  Greneral  Section  occurs  on  the 
shore,  at  Bexhill,  near  the  site  of  Tower  No.  45 :  during  a  brief  visit, 
it  afforded  us  a  few  imperfect  elytra,  two  or  three  ?  smidl  varieties  of 
Equisetum,  and  numerous  other  plants. 

The  small  elytra  No.  60  were  also  found  at  Bexhill,  associated 
with  Lanchopteris  Mantellij  in  abundance,  in  the  bed  No.  15  6  of 
the  Greneral  Section. 

The  appended  Greneral  Section  is  merely  intended  as  an  approxi- 
mative tabular  view  (in  descending  order)  of  the  general  relations  of 
the  beds  from  which  we  have  obtained  Insects,  until  these,  and  the 
relations  of  the  whole  group,  shall  have  been  more  completely  deter- 
mined. 

General  Section.     1853. 

Bexhill  Beds  ("  Horsted  beds  "  of  ManteU). 

No.  15  c.  Sandstone  and  blue  clay  with  ironstone-nodules. 

156.  Sandy  shale  or  soft  sandstone,  with  minute  elytral, 

Ixmckopteris  ManieUi,  and  UfUonida, 

ft.    in. 
\  5  a.  Sandstone  and  whitish  clay  with  Lignite  (ManteU,  S.E. 

£.  p.  190).    Altogether  estimated  at  about 25    0 

14.  Ironstone  in  larse  nodular  blocks,  containing  elytra,  and 

J?9tfwe/ace<s  and  other  Plants,  about    1    3 

13.  Sand-rock  and  thick  shales ? 

Black  Horse  Quarry  and  St.  Leonard's  Beds  ('*  Tilgate  beds  "  of 
ManteU?). 

12.  Shales  of  the  Quarry-section  (see  p.  175),  with  an  elytron, 
wings  of  Coleoptera  ?  and  Newnoptera,  Cypris  Valdensii, 
C,  tuberculata,  and  C.  spiniyera  in  abundance,  with 
Cf/clas  media,  Cyrena,  Pmudina  carintfera  and  P*/»- 

rtorttm.  Fish-scales,  and  traces  of  Pbmts 20  to    25    0 

11.  Thin  calciferous  grit.     Unionida  7 

10  6.  Dark-coloured  shales  containing  courses  of  ironstone, 
with  numerous  iMect-renuUns;  Cypris  Valdensis  and 
C.  spiniyera.  Fish-scales,  Cyclas,  Paludina,  and  Plants. 

1 0  a.  Lower  calciferous  grit,  with  shale,  ironstone,  and 
thin  sand-rock  (at  St.  Leonard's). 
Top  of  East  GUff. 

(The  above  are  regarded  as  Group  III.  of  Fitton,  esti- 
mated by  him  at .^ 50  to    60    0) 
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KMt  Cliff  Beds  ("Worth  beds"  of  ManteU).  ft.  in. 

9.  Whitish  sand-rock :— (according  to  Dr.  Fitton)  about  ...  100    0 

8.  Shale,  including  ironstone  with  Cypris  Valdensis,  Fish- 
scales,  and  remains  of  an  Insect    1    3 

7.  Four  beds  of  brown  sandstone,  with  shaly  partings,  about    33    0 

6  e.  Brown,  laminar,  sandy  shale  with  Estheria  and 

Insects   2    0 

6  b,  Yellowish,  sandy  clay  (variable),  about  1     0 

6  a.  Bluish-grey  shaly  clay,  about 4    6 

7    6 

6  b.  Two  beds  of  ferruginous  brown  sandstone  parted  by 

1  inch  of  bluish  clay  • 2    I 

5  a.  Variously  coloured  shales  with  Lignite 3  to      4    0 

4  6.  Light  brown  sandstone  2    3 

4  a.  Qrey  sandy  clay  with  yellowish  partings 4    6 

(Passing  into  3  c.) 


East  CUff  and  Ecdesboume  Beds.  "  Ashbumham  beds  "  of  Man- 
tell?  (Fitton,  Geology  of  Hastings,  p.  37). 
3  c.  Hard  sandy   shale,  'with  pisolitic  ferruginous  grains 
and  concretions  (the  higoiest  part  of  Mr.  Webster's 
**  dark-coloured  shale"?). 1 

3  b.  Dark  brown  sandy  shale  (conspicuous  above  the 
beach  at  East  Chff),  with  Uemte,Thuyites,  Sphe- 
nopieris,  Peeopteris,  Pterophyllim,  a  Cone,  &c. ; 
opercula  of  PahuUna;  many  ely^  of  Coleop' 

teroj  BSkd  tnce*  of  wings   2  to  3    0 

Passing  into 

3  a.  Bluish-grey  shale,  about  3    0 

6 

2.  Bluish-grey  sandstone,  with  alternations  of  light  blue, 
Fuller  8-earth-like  clay,  estimated  at  about    1 5  to    20 

] .  Courses  of  compact,  argillaceous,  sandy  ironstone  with 
Insect-remains  (see  p.  172),  resting  upon  bluish  clay 
with  red  stains  in  the  lower  part,  under  which  is  seen,  at 
low-water,  the  lowest  sand-rock  we  have  observed  on 
the  coast. 


Section  (in  descending  order)  of  the  strata  exposed  in  the  Quarry  near 
the  Black  Horse  Inn,  between  Battle  and  Hastings  (see  p.  173). 

Earth  and  sand 2  0 

Ferruginous  sandstone,  with  whitish  exterior,  in  thin  layers, 

iStemating  with  brown  ferruginous  shale 2  7 

Brown  ferruginous  shale  with  ironstone  nodules,  about 1  10 

1  b.  Rich  ironstone  nodules  with  Paludina,  &c 0  2 

Durk  blue  and  brown  shale    I  2 

Lighter    do.     do.       do 1  10 

Dark  greenish-brown  shale  with  ferruginous  layers 4  0 

Ironstone  nodules 0  3 

Greenish-brown  shale,  like  the  above   I  0 
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ft.   in. 
I  a.  Stiff  laminated  light  blue  shale  (with  7  or  8  cream-ooloured 
indurated  veins ;  the  lower  courses  nodular  and  from  H 
to  4\  inches  thick,  containing  Ifisects),  with  layers  of 
Cyprides,  also  Cyclades  and  a  few  PaludiMB  3    9i 

Blue  and  light  brown,  stiff,  sandy  shale,  occasionally  much 

indurated,  containing  Cyclai/f5? — in  masses 4     0 

Bluish-grey  shale,  less  compact  than  the  above  (12  to  15 

indies) 1     0 

Layers  of  yellowish-brown  shale,  very  irregular  in  thickness, 

'  periiaps  from  8  to  12  inches 0    9 

Compact  sandy  ferruginous  rock  (the  "  ironstone  "  of  the 
workmen)  stated  to  be  3  feet  thick,  hut  not  well  ex- 
posed during  our  visit :  the  Grit  for  which  the  ouarry 
was  worked,  and  of  which  a  large  quantity  was  collected 
in  stacks,  was  said  also  by  them  to  be  immediately  below 
this. 


2.  On  the  Age  of  the  Fossiliferous  Sands  and  Gravels  of 
Farringdon  and  its  Neighbourhood.  By  Daniel  Sharps, 
Esq.,  F.R.S.,  F.G.S.  &c. 

[PUtes  V.  and  VI.] 

Although  the  varioas  maps  and  memoirs  hitherto  published,  which 
have  included  the  neighbourhood  of  Farnnsdon,  have  all  agreed  in 
classing  with  the  Lower  ereen  sand  the  fossiliferous  gravel  full  of  the 
remains  of  sponges,  whidi  lies  on  the  south  of  that  town,  there  has 
been  a  suspicion  in  the  minds  of  several  palaeontologists  that  this 
classification  had  been  adopted  en  imperfect  evidence,  and  that  a 
more  careful  examination  might  lead  to  a  different  result.  As  the 
correct  determination  of  this  point  seemed  likely  to  throw  light  upon 
other  localities,  I  determined  to  spare  no  pains  in  collecting  and  ex- 
amining the  organic  remains  upon  which  the  decision  must  ulti- 
mately rest. 

In  justice  to  those  whose  views  I  am  about  to  combat,  I  must  con- 
fess that  I  returned  from  my  first  visit  to  Farringdon,  in  the  spring 
of  1850,  convinced  that  the  Sponge-gravels  belonged  to  the  upper 
part  of  the  Lower  green  sand,  the  Terrain  Aptien  of  M.  d'Orbigny. 
My  first  doubts  on  the  subject  arose  from  Mr.  Morris  pointing  out 
to  me  how  many  of  the  Farringdon  fossils  agreed  with  those  <^  the 
Upper  green  sand  of  England,  and  of  the  Tourtia  of  Belgium :  this 
led  to  a  closer  examination  of  the  matter,  which  at  last  brought  me  to 
the  conclusion  that  the  deposit,  though  belonging  strictly  to  the  cre- 
taceous series,  is  a  more  modem  member  of  that. series  than  the  Chalk. 

The  Lower  green  sand  is  the  only  member  of  our  cretaceous  series 
of  marine  origin,  yet  recognized,  containing  any  large  accumulation  of 
ferruginous  sand  or  gravel.  Ferruginous  beds  are  very  rare  in  the 
Upper  green  sand,  and  are  never  found  in  the  Gault  or  Chalk,  hence  all 
ferruginous  deposits  containing  any  cretaceous  fossils  have  been  called 
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Lower  green  sand.  Another  cause  has  contributed  to  the  difficulty 
of  fixing  correctly  the  age  of  the  deposits  near  Farringdon ;  there  are 
in  that  neighbourhood  several  patches  of  ferruginous  sand  and  gravel, 
which  though  really  distinct,  have  been  assumed  to  be  of  one  forma- 
tion :  their  organic  remains,  thrown  together  in  our  lists,  have  pro- 
duced a  sort  of  olla  podrida,  which  may  serve  to  warn  geologists  that 
palaeontological  evidence,  badly  marshalled,  becomes  a  most  trea- 
cherous gmde. 

In  Mr.  Austen's  memoir  ''  On  the  Age  and  Position  of  the  FossiU- 
ferous  Sands  and  Gravels  of  Farringdon*,"  the  various  deposits  above 
alluded  to  are  well  pointed  out,  and  I  refer  to  his  memoir  for  local 
descriptions,  to  some  of  which  I  have  nothing  to  add,  while  I  am 
forced  to  dissent  from  many  of  the  conclusions  accompanying  them. 

The  deposits  in  question  fall  naturally  into  three  classes,  differiug 
materially  in  their  mineral  character ;  they  all  rest  upon  the  Kim- 
meridge  clay,  except  near  Farringdon,  where  the  Sponge-gravel  covers 
the  junction  of  the  Kimmeridge  day  and  Coral  rag,  and  extends  over 
the  latter  bed  also ;  they  are  independent  of  each  other,  and  each  un- 
covered by  any  other  deposit;  therefore  their  position  gives  very 
httle  indication  of  their  age,,  only  informing  us  that  they  are  all  more 
modem  than  the  Kimmeridge  clay  :  for  closer  identification,  we  have 
only  the  internal  evidence  each  may  afford,  which  must  principally 
rest  on  their  organic  contents ;  and  where  these  fail  us,  the  point 
must  be  left  in  doubt.  Commencing  on  the  north,  these  deposits  are 
as  follows : — 

1.  The  sands  and  sandstone  of  Badbury  Hill  and  Farringdon 
Clump. 

2.  The  gravels  containing  an  abundance  of  sponges,  &c.  at  Little 
Coxwell  and  Femham. 

3.  The  dark  brown  sand  and  sandy  ironstone  of  the  Furze  Hill 
and  Cole's  Pits. 

4.  The  yellow  sand  and  sandstone  of  Alfred's  Hill. 

I  can  add  Httle  to  Mr.  Austen's  account  of  the  sands  of  Badbury 
Hill  and  Farringdon  Clump ;  they  clearly  belong  to  one  formation  ; 
the  mineral  character  both  of  the  yellow  sands  and  cherty  sandstone 
of  both  places  being  exactly  the  same,  and  their  position  being  such 
that  if  the  hollow  between  them,  produced  by  denudation,  were  filled 
up,  the  beds  would  about  meet.  The  only  traces  of  fossils  which  I 
met  with  were  impressions  of  Exogyrce  and  Terehratula  in  the  sand- 
stones of  both  localities.  Mr.  Austen  mentions  some  small  Bryozoa, 
and  Mr.  Cunnington  informs  me  that  he  has  found  Terebratula 
oblonga  in  the  sand-pit  near  the  top  of  Badbury  Hill.  We  may 
conclude  that  the  deposit  belongs  to  the  cretaceous  series ;  but  its 
place  in  that  series  must  be  lefl  for  the  present  in  doubt,  since  the 
species  just  named  is  found  both  in  the  Sponge-gravels  of  Little 
Coxwell,  in  the  Upper  green  sand  near  Warminster,  and  in  the  Lower 
green  sand  of  Hythe  and  Lockswell  Heath. 

The  sand  and  sandstone  of  Alfred's  Hill  probably  belong  to  the 

*  Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  464. 
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same  fonnation  as  the  beds  last  mentioned,  to  which  they  haye  a 
general  resemblance.  At  the  time  the  railroad  was  formed,  a  large 
quarry  was  opened  on  Alfred's  Hill,  which  has  been  since  ploughed 
over ;  but  there  is  a  sand-pit  remaining  near  the  nulroad,  with  about 
1 5  feet  of  fine  ash-coloured  and  yellow  sand,  horizontally  stratified, 
containing  a  few  fragments  of  small  Oysters  and  Exogyra,  too  im- 
perfect to  bp  identified, ;  in  the  upper  part  are  some  thin  beds  of 
cherty  sandstone,  which  are  now  very  little  exposed,  but  for  which 
the  quarry  was  formerly  worked. 

The  same  deposit  probably  extends  to  the  farm  called  "The 
Sands" ;  and  it  must  come  m  contact  with  the  Sponee-grarel  of 
Femham ;  but  the  junction  of  the  two  deposits  is  concealed  by  allu- 
vial soil  and  v^tation. 

The  dark  brown  sands  and  ironstones  of  the  Furze  Hill  and 
Cole's  Pits  belong  unquestionably  to  the  Lower  green  sand.  In 
mineral  character  they  agree  exactly  with  the  well-determined  Lower 
green  sand  of  Lockswell  Heathy  and  of  the  neighbourhood  of  Devizes, 
And  the  organic  remains  enumerated  by  Mr.  Austen  from  this  loca- 
lity (/.  c,  p.  476  and  477),  are  all  Lower  green  sand  shells,  without  the 
admixture  of  a  single  species  which  can  raise  a  doubt  upon  the  sub- 
ject*. This  mass  has  no  resemblance  whatever  to  either  of  the  other 
deposits  described  in  this  paper,  and  as  far  as  I  am  aware,  it  has 
hardly  a  single  species  in  common  with  the  adjoining  spongiferous 
deposit  of  Little  Coxwell,  and  its  organic  remains  are  merely  hollow 
impressions  and  casts,  quite  different  from  the  well-preserved  fossils 
of  Little  Coxwell. 

I  now  come  to  my  principal  object,  the  deposit  of  fossiliferous  sand 
and  gravel  abounding  in  Sponges,  Terebratulee,  &c.  of  Little  Coxwell. 
In  Mr.  Austen's  section,  /.  c.  p.  463,  these  beds  are  represented  as 
continuous  with  the  iron-sands  of  the  Furze  Hills.  This  view  of  their 
relation  is  not  admissible  ;  the  two  deposits  rest  on  the  Kimmeridge 
clay,  and  form  adjoining  hills,  distinguished  by  only  a  slight  depres- 
sion ;  but  between  the  southern  point  at  which  the  Sponge-gravels 
are  seen  in  the  Little  Coxwell  pit,  and  the  northernmost  spot  where 
the  ironstone  and  sands  are  visible  in  a  small  pit  by  the  road-side 
above  the  Ringtail  Farm,  there  is  an  interval  of  about  a  quarter  of  a 
mile  in  which  the  strata  are  entirely  concealed,  and  in  the  middle  of 
this  interval  is  the  depression  separating  the  two  hills.  Both  de- 
posits dip  northward:  the  Sponge-gravel  between  10^  and  15^,  and 
the  Lower  green  sand  at  a  very  slight  angle.  They  must  be  regarded 
as  two  deposits  on  the  same  level,  abutting  against  one  another,  where, 
the  actual  junction  being  concealed,  we  cannot  see  which  rests  upon 
the  flank  of  the  other,  and  must  therefore  resort  to  internal  evidence 
for  their  relative  ages. 

Immediately  to  the  south  of  the  Furze  Hills  another  small  patch 

*  Mr.  Austen  names  the  following  species : — 

Area,  undetermined.  Venus  parva,  Sow, 

Cardiuro  snbhillanum,  Leym.  —  fenestrata,  Forbes. 

Nuciila  scapha,  d*Orb.  Pecten  atavus,  Ram. 

Opis  Neocoroiensis,  leym,  Emarginula  Neocomiensis,  d^Orb, 
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of  the  Sponge-graTels  is  seen  in  the  villa^ 
of  Fernham,  where  it  has  heen  quarried  in 
a  pit  now  abandoned.  Although  ill-exposed, 
enough  may  be  seen  of  it  to  show  that  it 
agrees  in  mineral  character  and  organic 
contents  with  the  deposit  at  Little  Coxwell. 
The  junction  of  this  mass  with  the  Lower 
green  sands  of  the  Furze  Hills  is  not  yi- 
sible.  The  Lower  green  sand  being  thus 
flanked  both  to  the  north  and  south  by  a 
mass  of  the  Sponge-gravels,  it  hardly  admits 
a  doubt  that  it  is  the  older  deposit  of  the 
two,  for  there  is  no  difficulty  in  supposing 
the  Sponge-gravel  thrown  up  against  the 
sides  of  the  pre-existing  hill  of  Lower  green 
sand;  but  it  would  have  reauired  a  most 
complicated  process  of  denudation  and  de- 
position to  have  lodged  the  Lower  green 
sand  in  the  hollow  between  the  two  masses 
of  the  Sponge- eravel. 

The  annexed  section,  altered  from  that 
published  by  Mr.  Austen*,  explains  the 
views  above  stated. 

Having  thus  exhausted  the  assistance  to 
be  derived  from  their  position,  we  are  ne- 
cessarily reduced  to  internal  evidence  as  the 
only  means  of  fixing  the  age  of  the  gravels 
of  Little  Coxwell.  The  pebbles  found  in 
them  are  mostly  of  two  classes;  either 
lumps  of  an  earthy  limestone,  frequently 
pierced  by  boring  shells,  derived  no  doubt 
from  one  of  the  oolite  formations ;  or  small, 
well-rounded,  siliceous  pebbles  of  various 
kinds,  as  quartz,  jasper,  homstone,  and 
some  closely  resembling  chalk-flints;  but 
notwithstanding  a  good  deal  of  search,  I 
was  unable  to  find  any  pebble  which  could 
be  pronounced  with  certainty  to  be  formed 
of  flint  from  the  Chalk.  We  are  thus 
thrown  entirely  on  the  organic  remains  for 
assistance.  In  examining  these,  we  must 
first  separate  all  those  which  appear  to  have 
been  washed  out  of  older  rocks,  and  brought 
to  the  spot  already  mineralized ;  these  are 
very  numerous,  and  for  the  most  part  they 
are  readily  recognized  by  their  appearance 
and  mineral  condition  :  they  are  derived 
principally  from  the  Coral  rag  and  Kim- 

*  Qutrt.  Jotirn.  Gcol.  Soc.  vol.  vi.  p.  463. 
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meridge  clay :  none  were  observed  from  the  Portland  stone,  which 
had  been  denuded  from  this  neighbourhood  before  the  deposit  of  the 
Grault;  some  fragments  may  have  been  derived  from  the  middle 
oohtes,  but  they  are  hardly  in  a  condition  to  be  determined. 

The  following  is  a  list  of  the  oolitic  fossils  detected  in  the  gravel  of 
Little  Coxwell : — 

Exogvra  nana,  of  the  Coral  rag  and  Rimmendge  clay. 

Gryphsa  vir^ula,  of  the  Kimmeridge  clay. 

Ostrsea  deltoidea,  of  the  Kimmeridge  day. 

Pecten  vimineus,  of  the  Coral  rag. 

Belemnites,  two  or  more  species,  much  worn. 

Ammonites,  fragments  of  many  species. 

Cidaris  coronata,  of  the  Coral  rag. 

Diadema. 

Sphaerodus  gigas,  of  the  Kimmeridge  clay. 

Ichthyosaurus ;  teeth  and  vertebrae. 

Crocodile;  teeth. 
Of  the  above  list,  the  specimens  of  Exogyra  nana  and  Chyphaa 
mrgtda  are  nearlv  in  the  same  mineral  condition  as  the  shells  which 
are  supposed  to  belong  properly  to  the  deposit,  being  Uttle  worn,  of 
a  yellowish  colour,  and  not  filled  up  with  stone ;  nevertheless  I  re- 
gard them  as  strangers  brought  in  the  fossil  state  to  the  locality.  All 
the  others  differ  in  condition  from  the  native  species  of  the  deposit. 

At  the  end  of  this  paper  will  be  found  a  list  of  all  the  species  yet 
identified,  which  are  thought  to  belong  to  the  Sponge^gravels,  with 
an  indication  of  the  beds  in  which  they  have  been  observed  elsewhere ; 
the  general  results  of  which  are  shown  in  the  following  table : — 


Species  peculiar  to  the  deposit 4  1 

Maestricht  sands  2  3 

Upper  chalk  1  20 

Lower  chalk I  1?  2 

Upper  green  sand,  induding  Tourtia  '  11  17 

Gault [  ...  1 

Lower  green  sand I  ...  4 

! 


1? 
4 
3 
3 
11 
1? 
2 


Total  number  of  species  examined 


16     44 


19  I  18 

i 


111 


The  number  of  species  occurriug  in  more  than  one  formation  is 
shown  by  the  foUowmg  table : — 


Common  to  Maestricht  sand  and  chalk 
Common  to  Maestricht  sand  and  Upper 

green  sand 

Common  to  Chalk  and  Upper  green  sand. . . 
Common  to  Upper  green  sand  and  Gault, 

or  Lower  green  sand 


... 

*•• 

3 

2 

... 

... 

5 

2 

1 

1 
1 

\ 

I 

3 

.7 

8 

1 

1 

2 

1 

5  ; 
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Besides  the  new  species  which  are  enumerated  farther  on,  I  have 
found  fragments  of  many  others,  too  imperfect  for  me  to  venture  to 
describe.  It  is  probable  that  most  of  these  are  new  species,  and  that 
farther  search  will  show  a  long  list  of  species  peculiar  to  this  deposit. 
The  principal  additions  will  be  to  the  famiUes  of  Bryozoa  and  M o- 
nomvaria. 

The  following  are  the  principal  results  of  an  examination  of  the 
stratigraphical  affinities  ot  the  rarringdon  fossils,  considered  in  fami- 
lies ;  as  is  done  in  the  above  list. 

Sponge* :  16  species ;  many  of  them  so  abundant  as  to  make  up 
a  large  part  of  the  soUd  matter  of  the  deposit ;  most  of  these  have 
been  found  elsewhere  in  beds  between  the  Upper  green  sand  and  the 
Maestricht  sand,  both  inclusive,  those  of  the  former  bed  largely  pre- 
dominating ;  but  several  species  appear  pecuhar  to  the  deposit. 

Bryozoa :  44  have  been  identified  with  pubhshed  descriptions  of 
specif  belonging  to  various  beds  from  the  Lower  green  sand  to  the 
Maestricht  simds ;  but  of  these  the  largerpart  agree  with  those  of 
the  Upper  green  sand  and  Upper  chalk.  There  still  remains  a  large 
number  of  Bryozoa  to  be  collected  and  worked  out  by  more  dihgent 
observers,  many  of  which  vrill  probably  prove  to  be  undescribed. 

Corals :  I  have  only  met  vrith  two  specimens  of  corals,  one  a  frag- 
ment of  a  Caryophylha  ?  too  imperfect  to  determine,  the  other  an 
Astrsea,  which  may  perhaps  prove  to  be  ^.  reticulata,  Goldf. 

Brachiopoda :  1 9  species,  all  published ;  the  deposits,  in  which 
the  same  species  have  been  found,  range  from  the  Lower  green  sand 
to  the  sands  of  Maestricht ;  the  two  Lower  green  sand  species, 
T.  ohlonga  and  T.  tamarindus,  are  very  rare  at  Little  Coxwell,  while 
those  of  the  Upper  green  sand  and  Tourtia  are  both  very  numerous 
and  very  abunaant. 

LameUibranchiata :  the  Dimyaria  are  very  rare,  and  I  met  vrith 
no  specimen  which  I  could  name.  Monomyaria  numerous,  and  re- 
ferable to  species  knovm  in  deposits  ranging  from  the  Lower  green 
sand  to  the  Maestricht  sands. 

Gasteropoda  are  very  rare ;  the  only  perfect  specimen  is  of  one 
found  in  the  Lower  chalk  ?  of  Germany. 

Cephalopoda :  there  are  two  species  of  Nautilus  found  in  Boutcher's 
pit  near  Farringdon ;  N.  Uevigatus,  which  ranges  all  through  the 
Chalk,  is  abundemt ;  the  other  is  more  rare,  and  is  a  new  species, 
which  I  have  named  N.  Farringdonensis. 

The  only  Belemnites  or  Ammonites  found  are  worn  specimens 
which  have  been  washed  out  of  the  oolitic  beds. 

SerpulcB  are  abimdant  and  belong  to  several  species,  which  cor- 
respond with  those  from  the  Lower  green  sand  to  the  Chalk. 

Echinodermata  :  Professor  Forbes  has  kindly  examined  my  speci- 
mens, and  refers  3  species  to  the  Lower  green  sand  ;  besides  wnich 
there  are  fragments  of  2  or  3  undetermined  species  of  Cidaris,  and  2 
NucleoliteSy  probably  of  new  species. 

The  comparison  of  the  families  making  up  the  fauna  of  the  Far- 
ringdon gravels  vrith  the  organic  contents  of  the  various  members  of 
the  cretaceous  series  shows  that  their  strongest  affinity  is  to  the 


Digitized  by 


Google 


182  PROCEEDINGS  OF  THE  OEOLOGICAL  BOClEfT.      [NOT.  30, 

Upper  chalk,  in  which  Amorphosoa,  Bryozoa,  M onomyaria,  and  Bra- 
chiopoda  ahound  in  the  greatest  proportion,  while  Dimyaria,  Gaste- 
ropoda,  and  Cephalopoda  are  proportionally  rare :  in  the  Upper  green 
sand,  AmorphoEoa,  Monomyaria,  and  Brachiopoda  are  also  aoondant, 
hut  Bryozoa  are  more  rare,  and  (Cephalopoda  numerous ;  in  which 
two  latter  points  that  formation  differs  from  the  hed  under  consider- 
ation :  the  strongest  contrast  is  to  the  Gault  and  Lower  green  sand, 
especially  the  latter,  in  which  the  Amorphozoa  and  Bryozoa  are  few; 
and  the  prevailing  families  are  those  of  the  Dimyaria,  Gasteropoda, 
and  Cephalopoda,  in  which  the  Farringdon  deposit  is  particularly  de- 
ficient. Thus  the  first  general  view  of  its  fauna  would  lead  us  to 
place  the  Farringdon  gravels  near  the  top  of  the  cretaceous  series*. 

But  it  is  necessary  to  examine  the  matter  in  closer  detail,  and  to 
compare  our  species  with  those  of  the  several  cretaceous  formations 
separately,  which  we  will  commence  at  the  lowest. 

Lower  green  sand :  the  species  common  to  this  formation  and  to 
the  Farringdon  graveb  are  the  following : — 

Reptomulticava  micropora. 

collis,  also  found  in  the  White  chalk. 

Heteropora  cryptopora,  also  found  in  the  Maestricht  sand. 
Proboscina  marginata. 
Terebratula  tamarindus. 

oblonga,  also  found  in  the  Upper  green  sand. 

Ostrsa  macroptera,  also  in  the  Gamt  and  Upper  green  sand,  and  perhaps 

in  the  Chalk. 
Pecten  Dutemplii,  also  in  the  Upper  ^reen  sand. 
^—  interstriatus,  perhaps  identical  with  T.  Dutemplii. 
Serpula  quinque-anj^lata. 
Salenia  punctata,  of  Atherfield. 
Goniopygus  peltatus,  of  Switzerland. 
Diadema  dubium,  do. 

The  number  of  species  hitherto  known  only  in  the  Lower  green 
sand  is  so  small  compared  with  the  totAl  number  found  at  Farringdon, 
as  to  send  us  higher  up  in  the  series  for  the  synchronism  sought. 

Gault :  this  mrmation  offers  fewer  points  of  comparison  than  even 
the  preceding ;  the  only  Farringdon  species  also  known  in  the  Gault 
being  the  following : — 

Multicrescis  mammillata. 

Rhynconella  antidichotoma? 

Ostnea  macroptera,  also  in  Upper  green  sand. 

Pecten  Raulimanus. 

Serpula  plexus,  also  in  Upper  green  sand,  and  Upper  and  Lower  chalk. 

The  shortness  of  this  list,  and  the  absence  of  all  the  characteristie 
gault  shells,  remove  the  deposit  from  any  connection  with  the  Gault. 

Upper  green  sand :  we  find  here,  for  the  first  time,  materials  for  a 
serious  comparison  with  the  Farringdon  fossils ;  and  this  comparison 
is  strengthened  if  we  add  the  Tourtia  of  Belgium  to  the  Upper  green 
sand,  as  has  been  done  by  M.  d'Archiac,  whose  excellent  memoir  on 

*  Compare  the  list  of  organic  remains  of  Farringdon  with  the  *'  Tableau  de  la 
Faune  Cretacee  d'Anglcterrc."    d'Archiac,  Histoire,  vol.  iv.  p.  109. 
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that  curious  deposit*  has  been  of  the  greatest  assistance  to  me.  The 
Tourtia  appears  to  be  a  gravel  beach  of  the  age  of  the  Upper  green 
sand,  yet  it  contains  some  species  common  to  the  Upper  Chalk ;  and 
the  my  marly  chalk  which  covers  it  also  contains  some  mixture  of 
species  of  the  Upper  with  those  of  the  Lower  chalk.  It  is  probably 
owing  to  the  littoral  origin  of  both  deposits,  that  we  find  so  strong 
a  connection  between  the  Tourtia  and  the  Farringdon  gravels. 

Throwing  together  the  Upper  green  sand  and  the  Tourtia,  and 
adding  thereto  the  species  indicated  in  the  '  Pal^ntologie  Fran9aise' 
from  the  Craie  ChlariUe,  all  of  which,  for  convenience,  we  will  call 
Upper  preen  tand,  we  have  50  species  common  to  these  and  the 
Farringdon  gravels,  of  which  13  species  are  also  found  in  beds  above 
the  Upper  green  sand,  3  in  beds  below  it,  and  1  in  beds  both  above 
and  b«iow  it ;  leaving  US  species  hitherto  thought  peculiar  to  the 
Upper  green  sand,  and  now  found  at  Farringdon.  These  belong 
principally  to  the  Amorphozoa,  Bryozoa,  M onomyaria,  and  Brachio- 
poda ;  but  the  most  striking  resemblance  is  of  the  Sponges  of  Far- 
ringdon with  those  of  the  Upper  green  sand  of  Essen  on  the  Ruhr, 
and  of  the  Brachiopoda  with  those  of  the  Tourtia  of  Belgium. 

But  if  instead  of  comparing  the  fauna  of  Farringdon  with  that  of 
foreign  localities,  we  look  to  the  Upper  green  sand  of  its  immediate 
neighbourhood,  we  shall  find  very  Uttle  resemblance.  The  Upper 
green  sand  of  Berkshire  contains  few  fossils,  and  of  these  ?ery  few 
are  found  at  Farringdon  :  a  few  more  Farringdon  species  are  found 
in  the  uppermost  bed  of  the  Upper  green  fitod  at  Warminster,  but 
there  is  no  spot  in  England  where  the  Upper  green  sand  affords  an 
assemblage  of  species  at  all  similar  to  those  of  Farringdon. 

The  Lower  chalk  bears  very  little  comparison  with  the  Farringdon 
gravels  in  its  organic  contents  :  only  1 1  of  the  Farringdon  species  are 
known  in  that  deposit,  and  of  these  3  are  also  found  below  the  Lower 
chalk,  and  4  both  above  and  below  it. 

The  Upper  chalk,  on  the  contrary,  contains  32  Farringdon  spe- 
cies, of  which  4  are  also  found  in  lower  formations,  2  also  in  the 
Maestricht  sands,  and  2  both  in  the  Maestricht  sands  and  beds  below 
the  white  chalk.  More  than  half  of  the  Chalk  species  found  at  Far- 
ringdon are  Bryozoa. 

The  Maestricht  sands  contain  12  species  found  at  Farringdon,  of 
which  10  are  also  found  in  lower  beds  ;  of  these  latter  5  are  in  the 
Upper  green  sand,  but  not  in  the  Chalk.  Unfortunately  there  is  no 
good  list  of  the  mollusca  of  the  Maestricht  beds,  and  the  collections 
in  this  country  of  Maestricht  fossils  are  very  poor,  so  that  I  have  less 
opportunity  of  comparison  with  the  species  of  this  bed  than  with  those 
of  the  lower  beds  of  the  cretaceous  series. 

The  Terrain  Danien  of  M.  d'Orbigny  comprises  several  deposits, 
which  are  considered  by  him  to  belong  to  a  place  in  the  cretaceous 
series  above  the  Chalk ;  these  are  the  coralline  limestone  of  Faxoe  and 
various  deposits  of  pisolitic  limestone  near  Paris.  This  has  led  to 
some  controversy  among  the  French  geologists,  many  of  whom  regard 
the  pisolitic  limestone  as  a  Tertiary  formation.  Without  entering  at 
*  d'Arcbiac,  Memoirs  of  the  GeoL  Soc.  of  FFance^  2nd  Series,  vol.  U. 
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length  into  this  subject,  it  may  be  taken  as  proTed  that  the  pisolitic 
limestones  of  Laversine,  near  Beanvais,  and  Vigny  belong  to  an  upper 
member  of  the  cretaceous  series ;  as  they  are  stated  by  M.  d'Orbigny 
to  contain  Nautilus  Danicus  and  Cidaris  Forehkammeri  in  common 
with  the  Faxoe  beds,  and  their  cretaceous  origin  is  confirmed  by  other 
authorities.  The  other  masses  of  pisoHtic  Umestone,  in  the  depart- 
ments of  the  Seine  and  of  the  Seine  et  Oise,  may  perhaps  be  of  the 
tertiary  period.  Without  giving  any  opinion  on  that  point,  it  is  suf- 
ficient for  me  to  call  attention  to  the  existence  of  certain  cretaceous 
deposits  near  Paris  above  the  Chalk  containing  peculiar  species  of 
fossils,  and  for  these  we  may  use  the  term  Terrain  Banien^  without 
affirming  that  all  the  beds  mentioned  by  M.  d'Orbigny  in  the  Pro- 
drome, 23rd  Etage,  really  fall  into  this  category*.  There  are  at 
present  very  scanty  means  of  comparing  the  fo«db  of  the  Terrain 
Danien  with  those  of  Farringdon  ;  but  when  M.  H^rt  has  published 
the  account  of  the  pisolitic  limestone,  on  which  he  is  understood  to 
be  engaged,  that  difficulty  will  be  much  diminished. 

Thus  the  examination  of  the  whole  list  of  species,  or  that  of  the 
families  separately,  gives  the  result,  that  the  Farringdon  gravds  con- 
tain species  hitherto  thought  characteristic  of  every  bed  from  the 
Lower  green  sand  to  the  Maestricht  sand  incluave ;  but  that  those 
referable  to  species  found  elsewhere  above  the  Gault  preponderate 
nearly  10  to  1  in  the  number  of  species,  and  still  more  so  in  that  of 
individuals ;  so  that  we  need  only  consider  to  what  part  of  the  creta- 
ceous series  above  the  Gault  this  deposit  belongs.  This  conclusion 
hmits  our  choice  to  the  Upper  green  sand,  or  to  a  place  altogether 
above  the  Chalk ;  for  no  one  could  seriously  propose  to  place  it  on  a 
level  with  the  Chalk. 

The  outcrop  of  the  Upper  green  sand  through  the  counties  of 
Wiltshire,  Berkshire,  Oxfordshire,  and  Buckinghamshire  is  too  well 
known  to  need  description,  except  for  the  purpose  of  contrasting  it 
with  the  gravel  of  Farringdon:  at  Devizes  its  thickness  is  above 
100  feet;  from  thence  it  gradually  diminishes  in  thickness  as  w^ 
follow  it  to  the  eastward ;  but  through  all  those  counties  the  mineral 
characters  of  the  formation  only  vary  between  a  fine  sand,  more  or 
less  calcareous,  with  green  particles  occasionally  hardening  into  beds 
of  stone,  and  a  chalk  marl.  Nowhere  is  there  any  trace  of  gravel, 
nor  any  ferruginous  bed,  in  the  Upper  green  sand  of  this  part  of 
England.  Very  few  of  the  organic  remains  of  Farringdon  wmch  are 
referable  to  the  Upper  green  sand,  are  found  in  that  deposit  in  this 
neighbourhood.  Warminster  is  the  nearest  spot  which  affords  any 
large  number  of  these  species,  and  then  only  in  the  uppermost  bed 
of  the  formation ;  but  for  the  counterparts  of  the  greater  number  we 
must  travel  to  the  Tourtia  of  Belgium  or  to  Essen  in  Westphalia. 

It  might  lead  to  erroneous  results  if  we  drew  our  conclusions  from 
the  Bryozoa,  which  though  now  admirably  described  in  France  by 

*  In  a  recent  communication  to  the  Acad^mie  Royale  de  Belgique,  M.  Hcbert 
asserts  his  conviction  that  the  whole  of  the  pisolitic  limestone  of  the  neighhour- 
hood  of  Paris  is  synchronous  with  the  Upper  challt  of  Maestricht.  BulL  de  TAcad. 
t.  XX.  N.  3. 
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M.  d*Orbigny,  have  been  much'  neglected  in  this  country,  and  their 
geological  range  is  little  known ;  but  the  remaining  classes  furnish 
safe  grounds  of  comparison  :  of  these  the  Farringdon  grayel  contains 
33  species,  found  either  in  the  Upper  green  sand,  the  Tourtia  of  Bel- 
gium, or  the  Craie  Chlorite  of  France.  But  of  these  33  species  only 
the  following  13  are  known  in  the  Upper  green  sand  of  England,  and 
most  of  these  range  upwards  into  higner  strata,  viz. — 

Manon  peziza,  also  in  the  Maestricht  sands. 

marginatum,  also  in  the  Upper  chalk. 

Jerea  pynformis. 

Terebratula  biplicata. 

Menardi,  also  in  the  Maestricht  sands. 

Rbynchonella  latissima,  also  in  the  Chalk  and  Maestricht  sands. 

Ostnea  vesicularis,  also  in  the  Upper  chalk  and  Maestricht  sands. 

£xogyra  conica,  also  in  the  Maestricht  sands. 

Pecten  Dutemplii. 

Dianchora  striata,  also  in  the  Chalk. 

• radiata,  also  in  the  Chalk. 

Serpula  plexus,  also  in  the  Chalk, 
leaving  only  3  species  peculiar  to  the  Upper  green  sand  of  Endand. 
Out  of  abovft  70  species  enumerated  by  Dr.  Fitton  from  the  Upper 
green  sand  of  the  counties  here  referred  to,  only  9  are  found  in  the 
Farringdon  gravel,  and  these  do  not  include  the  most  characteristic 
species  of  that  formation. 

The  southern  extremity  of  the  Farringdon  gravel  at  Femham  is 
onlv  two  miles  from  the  escarpment  of  Chalk  and  Upper  green  sand, 
and  there  are  no  indications  of  any  barrier  having  ever  interrened,  so 
that,  if  the  Farringdon  beds  are  to  be  classed  with  the  Upper  green 
sand,  we  must  suppose  the  same  sea  to  have  been  forming  two  totally 
different  deposits,  and  to  have  been  inhabited  by  two  different  groups 
of  inhabitants  at  the  distance  of  only  two  miles ;  a  supposition  which, 
when  dearlv  explained,  is  sure  to  be  unanimously  rejected. 

We  are  thus  driven  step  b^  step,  by  the  exhaustion  of  all  other  al- 
ternatives, to  class  the  Famnffdon  Sponge-gravels  as  more  modem 
than  the  Chalk  ;  but  I  do  not  by  this  mean  to  include  them  in  the 
Tertiary  series,  with  which  their  fauna  has  nothing  in  common,  but 
to  regard  them  as  a  remaining  fragment  of  one  of  the  upper  members 
of  the  Cretaceous  formation,  of  wmch  the  rest  were  destroyed  by  de- 
nudation before  the  commencement  of  the  Tertiary  period.  Other 
relics  of  the  upper  cretaceous  deposits  are  found  in  the  limestone  of 
Faxoe,  the  calcareous  sands  and  sandstones  of  Maestricht  and  Ciply, 
and  the  pisoHtic  limestone  of  Laversine  and  Vigny ;  and  I  hope  on 
some  future  occasion  to  succeed  in  convincing  the  Society  that  there 
are  also  other  deposits  of  the  same  period  in  England*. 

*  The  ferrngmoas  sandstone  which  caps  the  hill  of  Seende,  near  DevizeSi  de- 
scribed by  Mr.  Cunnington  in  the  6th  volume  of  our  Journal^  p.  453,  is  undoubt- 
edly contemporaneous  with  the  Farringdon  Sponge-gravel.  I  believe  also  that  the 
ferruginous  sand  and  gravel  of  Nuneham  Park  and  Clifton  Hampden,  in  Oxford- 
shire, with  outlying  patches  at  Broom  Hill,  Boars'  Hill,  and  Curoner  Hurst,  near 
Oxford,  belong  to  the  same  period.  Probably  some  of  the  ferruginous  deposits 
of  Buckinghamshire  and  Bedfordshire,  ndw  attributed  to  the  Louver  green  sand, 
may  also  prove  to  be  of  the  Danian  formation. 
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The  long  interyal  which  interyened  between  the  formation  of  the 
uppermost  chalk  and  the  first  tertiary  bed  was  a  period  of  denuda- 
tion, in  which  the  chalk  was  entirely  removed  from  some  places,  and 
its  upper  portion  washed  away  from  others ;  the  deposits  formed 
during  this  period  were  likely  to  contain  coarse  and  water  worn  ma- 
terials, like  that  under  consideration ;  and  it  is  surprising  that  we 
find  so  few  traces  of  such  deposits. 

The  organic  remains  of  the  Chalk  are  in  a  great  degree  peculiar  to 
that  formation ;  but  there  are  many  species  common  to  the  Upper 
green  sand,  the  Tourtia,  the  Maestricnt  sand,  and  the  Farringdon 
gravels  which  are  not  found  in  the  Chalk  itself*  :  all  of  those  de- 
posits were  formed  in  comparatively  shallow  water  not  far  from  a 
coast,  and  their  fossil  species  naturally  differ  from  those  of  the  Chalk 
which  lived  in  a  deep  open  sea.  The  following  hypothesis  will  ex- 
plain our  finding  the  same  species  above  and  below  the  Chalk,  but  not 
in  the  Chalk  itself:  during  the  formation  of  the  Chalk  the  land  was 
gradually  sinking,  and  the  ocean  consequently  extending  itself ;  as 
long  as  this  process  continued  the  deep-sea  deposit  of  the  Chalk  woidd 
be  gradually  spread  over  the  littoral  deposit  of  Upper  green  sand 
previously  accumulated  round  its  shore  ;  but  when  at  a  later  period 
a  rise  of  the  land  took  place,  reducing  the  ocean  to  narrower  limits^ 
littoral  deposits  would  be  accumulated  above  the  Chalk,  as  has  taken 
place  at  Maestricht.  In  this  view  the  Upper  green  sand  and  the 
Maestricht  sands  appear  to  be  continuous  deposits  formed  round  the 
edge  of  the  same  ocean,  at  periods  when  its  limits  were  different ; 
and  an  explanation  is  afforded  of  the  large  number  of  species  common 
to  those  two  formations  which  are  usually  regarded  as  entirely 
distinct,  because  they  are  separated  by  the  whole  thickness  of  the 
Chalk. 

The  organic  remains  of  the  Sponge-gravels  of  Farringdon  have 
much  less  in  common  with  the  fauna  of  the  Blackdown  sands  than 
with  that  of  the  Upper  green  sand  proper ;  for  no  species  character- 
istic of  Blackdown  has  been  found  at  Little  Coxwell ;  and  the  only 
species  common  to  the  two  localities  are  such  as  had  a  long  range 
through  the  cretaceous  series.  The  Blackdown  sand»  as  is  well 
known,  contains  many  Gault  species  not  found  elsewhere  in  the  Upper 
green  sand.  Mr.  Austen  suggested  (l.  c,  p.  472)  that  the  Gault  waa 
a  deep-sea  deposit  synchronous  as  a  whole  with  the  Upper  green  sand. 
The  observations  here  recorded  lead  me  to  modify  that  view,  and  to 
suggest  that  the  Blackdown  sand  was  the  littoral  deposit  of  the 

*  The  proof  of  this  will  be  found,  not  only  in  tbe  list  appended  to  this  paper, 
but  by  reference  to  Goldfuss,  whose  work  contains  descriptions  of  14  species 
common  to  Maestricht  and  the  Upper  green  sand,  only  3  of  which  occur  in  the 
Chalk.  In  a  note  upon  Manon  peziza,  voL  i.  p.  243,  Goldfu&s  remarks,  *'  £s  ist 
iibrigeus  merkwiirdig,  dass  mehrere  Petrefacten  des  St.  Petersberges  auch  hier 
(E&sen  an  der  Ruhr)  jedoch  gewohnhch  mit  einem  etwas  abweichenden  Habitus, 
vorkommen.*'  The  Cakairt  pitoUtique  of  Laversinei  near  Beauvais,  is  in  the  same 
case ;  M.  d'Archiac  says  of  it,  "  11  est  remarquable  qu'on  y  ait  trouve  si  pea 
d'esp^s  de  la  craie  blanche,  avec  laquelle  ce  lambeau  est  en  contact,  tandis  qu'il 
y  a  un  assez  grand  nombre  qui  sont  identiques  avec  celles  de  pays  fort  eloigneea 
ct  avec  celles  de  la  craie  tufeau.*' 
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ocean  at  the  time  that  the  Gault  was  formed  at  its  lower  depths,  and 
the  Upper  green  sand  the  Uttoral  deposit  of  the  sea  in  which  the 
Chalk  was  formed*.  The  deep-sea  formation  of  Gault  was  ended  by 
a  rising  of  the  earth's  surface,  which  narrowed  the  area  and  reduced 
the  depth  of  the  sea,  and  then  the  first  heds  of  the  Upper  green  sand 
were  deposited  on  the  Gault  in  the  same  manner  as  we  afterwards  find 
the  Maastricht  sands  deposited  on  the  Chalk.  Thus  the  Upper  green  ^ 
sand  bears  the  same  relation  to  the  Blackdown  sand  as  the  Miaestricht  ^ 
sand  bears  to  the  Upper  green  sand  itself;  and  we  can  understand^ 
the  continuance  of  certain  littoral  species  of  molluscs  from  the  period 
of  the  Blackdown  to  that  of  the  Maestricht  sand,  while  the  inhabit- 
ants of  the  deep  seas  of  the  Gault  and  Chalk  were  entirely  distinct, 
if  we  admit  that  the  earUer  Gault  ocean  became  too  shallow  to  be  a 
suitable  habitation  for  the  animals  requiring  deep  water ;  but  that 
shallow  waters  continued  in  some  part  or  other  of  the  area  in  ques- 
tion, either  near  the  coast  of  a  greater  sea,  or  at  the  bottom  of  a 
smaller  one,  from  the  commencement  of  the  deposit  of  the  Gault  to 
the  termination  of  that  of  the  Danian  formation  above  the  Chalk. 

In  this  country  we  know  of  no  littoral  deposit  similar  to  that  of 
Maestricht  lying  aboTC  the  Chalk :  the  uppermost  chalk  of  Norfolk 
contains  many  of  the  Maestricht  species,  and  is  no  doubt  of  nearly 
the  same  age,  and  somewhat  higher  in  the  series  than  the  chalk  of 
other  parts  of  England ;  but  it  is  still  a  deep  sea  bed.  Before  the 
Sponge-eraTcls  were  deposited  at  Farringdon,  the  ereat  mass  of  the 
chalk  hiUs  must  have  been  too  much  raised  up  to  be  covered  by  new 
matter,  and  the  only  accumulations  we  now  find  of  the  period  of  the 
Terrain  Damen  are  at  a  bwer  level  along  the  northern  base  of  the 
chalk  escarpment. 

M.  d'Orbigny  would  have  made  a  better  classification  had  he  in-^ 
eluded  the  Maestricht  sands  in  his  Terrain  Danien,  which  would 
then  have  embraced  all  the  littoral  and  sublittoral  cretaceous  de- 
posits, which  thouffh  not  strictly  synchronous,  are  of  more  modem 
date  than  the  Cha& :  these  various  deposits  are  so  widely  separated 
from  each  other,  and  formed  under  such  different  circumstances,  that 
it  is  not  easy  to  decide  upon  their  relative  ages. 

The  limestone  of  Faxoe  and  the  sands  of  Maestricht  seem  nearlr 
synchronous,  and  appear  to  be  the  earliest  beds  of  this  series,  both 
being  deposited  conformably  on  the  white  chalk  ;  and  both  containing 
many  Upper  chalk  species,  especially  Baculiles  Faujasii  and  Belem- 
niteHa  mucronata,  which  are  not  found  in  the  other  localities.  The 
large  number  of  gasteropods  found  at  Faxoe  show  that  to  have  been 
most  strictly  a  littoral  deposit. 

The  pisoUtic  limestone  of  Laversine  and  Vigny,  and  the  Sponse- 
gravels  of  Farringdon  are  unconformable  to  the  Chalk,  and  were  de- 
posited somewhat  later,  after  a  great  denudation  of  the  Chalk  had 

*  Netr  le  Mans,  in  the  department  of  the  Loire,  a  bed  of  micaceons  marl,  con- 
tamhiS  many  shells  of  species  found  at  Blackdown,  lies  below  the  Upper  green 
■and  of  that  district,  which  has  supplied  the  abundance  of  well-known  fossils 
(d'Arduac,  Histotre,  voL  iv.  p.  360).  This  fact  confirms  my  opinion  that  the 
Bladulown  sands  are  older  than  the  Upper  green  sand. 
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t«k«n  pUce.  imd  »fter  the  Baoulites,  B^)eimutei«  imd  Ammomtoi  had 
diftppearea*,  The  Lavertiue  and  Yigny  beds  seem  to  have  preceded 
tibe  Farriiigdon  ffrayeb,  inasmuch  as  Uie  Chalk  was  lees  elenUed 
and  less  denuded  when  those  beds  were  deposited  than  when  the 
spravel  in  question  was  accumulated  i  although  this  difference  miKht  be 
aue  to  local  causes. 

Throughout  this  memoir,  I  have  taken  it  for  granted  that  all  iht 
fossiUferous  beds  usually  referred  to  the  Upper  green  sand  really 
belong  to  that  formation.  If  future  examination  should  show  that 
the  sands  of  Essen  on  the  Ruhr,  or  of  any  of  the  other  localities  here 
quoted,  belong  to  a  later  period  than  the  Upper  green  sand,  the  argu* 
ment  in  favour  of  the  Danien  date  of  the  r*arri^;don  gravel  will  be 
so  much  strengthened.  But  no  such  change  of  classification  is  pe- 
oessary  for  my  argument,  as  the  more  extended  vertical  range  here 
claimed  for  many  species  is  in  harmony  with  all  kter  observations, 
which  show  that  the  duration  of  species  at  all  geological  periods  has 
been  longer  than  was  formerly  suspected ;  and  that  the  same  species 
reappear  at  various  levels  in  oeds  of  similar  character,  notwithstand* 
ing  that  those  beds  mav  be  separated  by  others  deposited  under  con- 
diaons  unfit  for  the  habitation  of  the  species  in  Question.  The  most 
mischievous  heresy  which  has  grown  up  in  modern  geology,  is  that 
which  attempts  to  limit  the  existence  ot  species  to  inouvidual  beds  or 
deposits.  The  definitions  of  soecies,  which  ought  to  rest  on  zoolo^ 
g^  grounds  only,  are  marred  by  warping  them  to  fit  seolc^ncal 
views ;  and  geological  divisions  are  estabUsbed  or  strengthened  on 
lists  of  species,  many  of  which  are  only  founded  on  the  evidenoe  of 
those  veiy  divisions,  by  the  ingenious  process  of  reasoning  in  a  circle. 
Fortunately  such  views  have  round  little  favour  with  English  geolo- 
gists, but  we  suffer  from  them  indirectly,  whenever  they  affect 
foreign  works  on  Palceontology  which  we  hiave  occasion  to  consult, 

[P.8.  When  the  preceding  memoir  was  written  I  had  not  had  n 
opportunity  of  consultiQg  M.  Graves's  admirable  ^'Essai  surlaTopo- 
sraphie  g&gnostique  du  D^partement  de  TOise,"  which  oontaina  • 
description  of  the  Pisolitic  Umestone  of  Laver8ine.«*-April  22, 1854.] 

«  FUfd'ArclUac,Hiitoiy«deiProgrbdleU6^Uigit,ToLiv.p.a7ft. 
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list  of  species  found  at  Little  Coxwell,  indicating  the  fonnation  and 

localities  where  thej  have  been  found  Msewbere. 

[N3.  The  speciei  marked  *  ire  abiindant,  and  those  marked  t  W  rare*] 


Sponoia. 
8.T^rigent 


^peziza  

tUfidwUBll 
Makon. 


•M.I 


H.  pohinarinm .. 
*M.  marginatiua 


^i«  Biacropora  < 

•M. 

•ILi 


CanrBKOOPoaA. 


SCTFHIA. 


•8.1 
•S.£ncata . 


••  Dctnojcrau 
tJ>  piilfunuia 


VnnciixifoaA« 

•V.I 


DoaiopoaA. 
D.tQbcreiilata  . 


tD.c 


SPONGES. 
Micbatim  Iconogr*  t*  M*  f*  13  ••• 

ifmoii,  tp.  Ooldf.  t.  5.  f.  1  

PoFU09t  ip.  ReotB,  Kreide,  t.48.  f.  3. 


Goldf.  1 99.t  8 :  ^mgkf^p.Woh 
loon.  1 96.  f.  5. 

GoId£  t.  29.  f.  7 ;  Bronn,  Lethtea, 
t.29.tl. 

^HmgiM,  sp,  PhilUpa,  Torkth,  1 1. 1 
f.  5 1  Ckenmtipor^f  tp,  Mich« 
Icon.  t.  28.  f.  7;  M.  Phill^ttU, 
Sanaa,  Kreide.t  19.  f.  7^9;  M, 
$eriatop9ruM,  Romer,  Krdde. 
1. 1.  t  6;  TVayoff  aaUimargo, 
HflDmar,  Oolite  t.  17.  f.  86; 
TV^of  jMsiOa,  Mantall,  Wond. 
GeoLp.636.f.l. 

Sharpe,  PL  V.  figt.  3  and  4. 

Sharpc,  PL  V.  fig.  2. 

Sharps,  PI.  V.  figa.  5  and  6. 


Lamoonmx,  Polyp,  t  79,  f.  1; 
Blainyille,  AcdnoL  t.  64.  f.  1; 
Michelin,  Iconogr.  t.  34.  f.  3; 
UanUU,  Woad.  Geol  p.  637. 
f.  140. 

Qoldf.  1 31.  f.  4;  MantelL Medals, 
p.  256.  f.  6 ;  S.  intermedia,  Man- 
tell.  Medala,  p.  256.  f.  2. 

Goldf.  t  a.  f.  1  i  S.  ramoaa,  Man- 
tell,  Medala,  p.  ^6.  f.  5. 

Goldf.  t.  2.  f.  6;  Ciwmdium  attr^^ 
phomm,  UanteU,  Medala,  p.  256. 
f.  7. 


Michelin,  Iconogr.  t.  39.  f.  1 
J  Lam.  Miehelin,  t.  36.  f.  3    .. 


ManteD,  Wond.  GeoL  p.  636.  f.  3 1 
Medala, p. 256. 1 4 ;  av.fig.  1^ 

BRTOZOA. 

d'Orb.  Terr.  Cr^.  t.  648.  f.  1-4 ; 

Ctrkf^m  tietUia?  Goldf.  1 30. 

f.  12,nottU.tU. 
d'Orb.  Terr.  Cr^t.  t.  647  


Upper   Green 

Upper    Green 

Sand. 
Hippuritenkalk. 


MaestriehtSand. 
Upper    Green 

Sand. 
Maettricht  Sand. 
Upper    Green 

Sand. 
Upper  Chalk.. 
Green 
iand. 


"^d 


Upj 


Zi 


Green 


Green 


Upper    Green 

Sand. 
Upper    Green 


Craie  Chlorite 
Ufmer    Green 


Upper    Green 
Sand. 

CnleChlortt^. 


Maaa. 

Essen. 
Bohemia. 


Maestriobt 
Warmiaatsr. 

Maastricht. 
Essen. 

Danes'  Dyke. 

Warminster, 
F^aaes,    and 
GemuAy.  ' 


Near  Ham. 


Essen. 
Essen. 


GapUHHe. 
Warmincter,di . 


WarmiMlMw 


o2 


Digitized  by 


Google 


190 


PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.      [NoT.  30, 


ACTINOPOBA. 

fA.  pqiynoea    .. 


Raoiopoka. 
tIL  puitulosa 


DlASTOPOEA. 

D.toberoM   

D.  ptpyracea 


B.  ramuloM 


D.  congetta  ? . 
D.  spongioM  . 
D.  ocetnica   • 


Rkptomulticava. 

R.  mammilla 

ILmicropora 

ILcoUis 


MULTICAVEA. 

M.lateralis    


Rbptotubiobka. 

tlLelevata 

fR.  marginata    .... 
tR.ramota 


Cbeiocava. 
*C.  ramolosa .... 


C.  irregolaris . 


SSMUfULTBA. 

S.  irregularis 

Hbtbropora. 
H.  dichotoma 


*H.  cryptopora . 


Cbriopoka. 

*C.  polymorpha.. 


C.  mammUlosa 


C.  venosa 


Pdstcjlopo&a. 
P.  pseudospiralis. 


d'Orb.  Terr.  Cr^  t.  643.  f.  12-14. 


d'Orb.  Terr.  Ci^  t.  649. 1 1-3 


d'Oib.  Terr.  Cr^  t.  639.  f.  1-3 
d'Orb.    Terr.    Cr^.  t.  641.  f.  4; 

t.  758.  f.  14-16. 
Michelin,  Iconogr.  t.  52.  f.  3   ... 


d'Orb.  Terr.  Cret.  t.  640.  f.  1-3 
d'Ort).  Terr.  CWt  t.  637.  f.  5-6 
d'Orb.  Terr.  Ci^  t.  639.  f.  6-7 


d'Orb.  Terr.  Cr^t.  t.  793.  f.  3-4 

d'Orb.  Terr.  Cr^t.  t.  791.  f.  10-12.. 

d'Orb.  Terr.  Cr^t.  t.  792.  f.  1-3 ; 

E,  Cupula,  d'Orb.  1.  c.  f.  6-11. 

d'Orb.  Terr.  Ci^t.  t.  778.  f.  7-9 


d'Oib.  Terr.  Cr^t.  t.  760.  f.  1-3  .. 
d'Orb.  Terr.  Cr^t.  t.  750.  f.  19-21. 
d'Orb.  Terr.  Cr^t.  t.  751.  f.  1-3  .. 


d'Oib.  Terr.  Cr^.  t.  788.  f.  11-12 ; 

(^dtteteg,  vp,t  Bfichelin,  Iconogr. 

t.  51.  f.  5. 
d'Orb.  Terr.  Cr6t.  t.  788.  f.  15-16.. 


d'Oib.  Terr.  Cr6t  t.  741.  f.  6-8 


Goldf.  sp.  t.  10.  f.  9;  Hagenow, 
Bryozoen,  t.  5.  f.  15. 

Goldf.  sp.  1. 10.  f.  3 ;  Hagenow,  sp. 
Bryozoen,  t.  5.  f.  6 ;  BlainVille, 
Actin.  t.  70.  f.  4 ;  Micbelin,  Ico- 
nog.  1. 1.  f.  2 ;  H.  tenerot  Hage- 
now,  1.  c.  t.  5.  f.  14  ;  MuUierenii 
MicheUni,  d'Orb.  Terr.  Cr^t, 
t.  799.  f.  14-15. 


Goldf.  1. 10.  f.  7 


Rflemer,  Kreidegeb.  t.  5.  f.  25 ;  Mi< 
cbelin,  Iconogr.  t.  52.  f.  12. 


Goldf:  t  31.  f.  2 


Michelin,  Iconogr.  t.  53.  f.  6 ;  Pe- 
ripora,  ap.  d'Orb.  Terr.  Cr^ 
t.  616.  f.  6-8. 


Upper  Clialk. 


Craie  Chlorite 


Clialk. 
Upper  Chalk. 

Maastricht  Sand. 
Upper    Green 

Sand. 
Chalk. 

Craie  Chlorite. 
Upper  Chalk... 


Upper  Chalk. 
N^comien. 
N^ocomien. 
Craie  Chlorite 

Upper  Chalk. 


Upper  Chalk. 
Upper  Chalk. 
Upper  Chalk.. 


Upper    Green 
Sand. 

Lower  Chalk. 


Upper  Chalk. 


Maestricht.Sand. 

Maastricht  Sand. 
Lower   Green 
Sand. 


Upper    Green 

Sand. 
Upper    Chalk 

Mari. 
Upper    Green 

Upper    Green 
Sand. 

Upper    Green 
Sand. 


Oply. 


Havre. 
Fecunpy  Dofcr* 


Brighton. 


Maestriclit. 

Maestridit. 
QnndprL 


Enen. 
Goslar. 
Mans. 

BSSCD. 
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Bmtalopbora. 
B.  Cenonuma     .... 

B.e(Mteto  

*E.  Mendoneiisis  . 
K.  nmiotiwima  .... 
B.  Sarthaceniis .... 


RxPfOCSA. 

B.  Cenomaiuu... 


Min.TICRS8€I8. 

M.Tanilnlit 


Pboboscima. 

P.  maniiMita 

P.  tnboegAiit 


ZOXOPO&A. 

Z-nndate  

Z.?ariabilis   .... 


NODBLBA. 

tN.  timBilnna  ..., 


Albcto. 
A.retiailite  .. 


A.  Calypso. 


Latbbocatba. 


LOFHQLBFIS. 

•L.  Hagenofii   ... 


Tbrbbbatula. 
*T.  d^resaa  


^«  NerrieiitiiyTar.  E, 
*T.  Boobd 


^.  lUBBim 


tT.  Kejierlingi . 
fT.  biplicata .... 


tT.  tamarindiu  . 
rr.oUoBga  .... 


d'Orb.  Terr.  Cr^t.  t.  618.  f.  11-15.. 
d'Orb.  Terr.  Cr^.  t.  621.  f.  19-22. 

d'Orb.  Terr.  Cr^.  t.  623.  f.  9  

d'Orb.  Terr.  Cr^t.  t.  618.  f.  1-5  .. 
d'Orb.  Terr.  Crct.  t.  619.  f.  6-9  .. 


d'Orb.  Teir.  Cr^  t.  788.  f.  1-3  .. 


d'Orb.  Terr.  Cr^.  t.  800.  £.  1-2 
d'Oib.  Terr.  Cr^t.  t.  800.  £.  3-7 


d'Orb.  Terr.  Cr^t  t.  759.  f.  4 
d'Orb.  Teir.  Ci^t.  t.  759. 1 8 


d'Oib.  Terr.  CrA.  t.  771.  f.  14-15.. 
d'Orb.  Terr.  Cr^t.  t.  771.  f.  9-13... 


d'Orb.  Terr.  Ct6t.  t.  735.  f.  9-11... 


d'Orb.  Teir.  Cr^  t.  630.  £.  1-4  ... 

d'Orb.  Terr.  Cr^t  t.  630.  f.  5-8  ... 

Blainy.  Actio,  t.  78.  f.  6 ;  d'Orb. 

Terr.  Crtt.  t.  630.  f.  9-12 


d'Orb.  Terr.  Crtt  t.  772.  f.  11-12. 


n.  t.  PL  v.  fig.  7 


BRACHIOPODA. 

Lamarck,  An.  sans  Vert;  T,  Neni^ 
emii,  d'Arch.  M^.  Soc.  GeoL 
Fr.  2. 1. 17.  f.  1-6  &  8-10 ;  comp. 
also  T.  kmffirottrii,  Nilss. 

d'Archiactc.t.  17.f.  7  

d'Archiac,  L  e.  1. 19.  f.  11 ;  T,  Ft- 
ouemeU,  d'Arch.  /.  c.  1. 18.  f.  1. 

d'Archiac,  A  c.  1. 18.  f.  6 ;  71  Bouei, 


d'Arch.  I.  ct.  18.  f.  7;  T. 

d'Arch.  iLc.  1. 18.  f.8-9 ;  T.erat^ 

fifUsUa,  d'Arch.  Le.  t.19.  f.  1 ; 

71  mt^lca,  d'Arch.  tc.t.  19.f.  11. 

d'Archiac,  tc.t.  20.  f.  7  

Sowerby,  Min.  Con.  t.  90,  t.  437. 

f.2-3. 
Sowerl7,G.T.4.t,14.f.8 


Sowerby,  M.C.  t.  535.  f.  4-6;  Da- 
fidson,  PaL  Soc.  t.  2.  f.  29-32. 


Craie  Chlorite. 
Chalk. 

Upper  Chalk. 
Craie  Chlorite 
Chalk. 


Craie  Chlorite 


Ganlt. 

Craie  Chloritee. 


Terr.  Aptien. 
Craie  Chloritee. 


Upper  Chalk. 
Upper  Chalk. 


Upper  Chalk. 


Upper    Green 

Sand. 
Upper  Chalk.. 
Upper  Chalk... 


Upper  Chalk. 


Upper 
Sand. 


Green 


Tonrtia 


Tourtia 
Tonrtia 

Tonrtia 


Tonrtia  , 

Upper    Green 

Sand. 
Lower    Green 

Sand. 
Upper    Green 

Sand. 
Lower    Green 

Sand. 


Mans. 
Le  Havre. 


Bfans. 

Fecamp. 
Mendon. 


Warminster. 


Toomay. 


Tonmay. 
Toumay. 

Tonmay. 


Tonmay. 
Warminster. 

Hythe. 

Warminster. 

Hythe. 
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*T.  reyolata  

tT.BobtftoBi   .. 

TSRSBRATBLLA, 

*T.  Mentrdi  


Rhtnconblla. 
*R.  latissima  ....... 


*R.depre8M  ..«. 
*R.  nudformis  . 
fR.  triangularis . 


R.  tntidichotomt  ? . 

Cbania. 
tC.  Cenomaneiiiis . 


tC.  Parisiensis  ? 


Trboidia. 

T.Wetherdlii    . 


OtnLBA. 

*0.  macroptera . 


d'Arcbiac  L  e,  1. 19.  f.  3 ;  T.  Royni, 
d' Arch.  (.  <;.  1. 19.  f .  4  ft  5 1  T.  sub- 
pae(onlii»  d'Aroh.  I  e.  t.  19. 
f.9. 

d'ArohiM,l.«.t.l8.f.9  


Lamarck*  ip.  An.  sans  Vert,  yon 
Buoh;  d^Orb.  T.  Cr^t.  t.6l7 
f.  1-15 ;  Davidson,  Pal.  Soc.  t.  3 
f.  34-42;  71 /noiMte,  Min.  Con 
t.6S7.  f.3;  tar.  dblOMata,  Lej' 
m^ric,  M^.  Soc.  0.  Fr.  6. 1. 15 
f.l2;  T.  Aatieritma,  d'Orb.  T 
Cr^.  t.  516.  f.  6-12. 


*0.  vesicularis 


to. 


IxoaTEA. 

*E.  conica < 


Maestricht  Sand. 
Upper    Green 
Sand. 


Sowerbj.M.  C.  t.509.  f.  1 ;  JS. 
dUentit,  d'Arcb.  /.  c.  t.  21.  f.  11  ; 
R,  cofW4xa,  Sow.  G.'T.  4. 1. 14. 
f.l2. 

Sow.  Min.  Con.  t.  502.  f.  2. 
Sow.Min.  Con.t.502.f.3 
Wahl,  ip.  Hisinger,  Letb.  1 23.  f.  1 ; 
Geinitz,  Kreidegeb.  1. 19.  f.  1-3. 


SM^lMaestricbt  Sand. 
Lower  Cbalk... 
Upper    Green 

Sand. 
Tonrtia 


BoTignier,  ip.  d'Orb.  T.  Cr^t.  t.  500. 
f.1-4. 

d'Orb.  Terr.  Cr^t.t.  624.  f.  1-4    ..i 

Defranoe,  d'Ort>.  Terr.  Cr^.  t.  524 
f.  8;  Davidson,  Pal.  Soc  t.  1. 
f.  1. 

MonrU.  Ann.  Nat.  Hist  1851,  t.  4. 
f.  1-3 ;  Davidson,  PaL  Soc  1. 1. 
f.  15-26. 


LAMELLIBRANCHIATA. 

Sowerby,  Min.  Con.  1. 468.  f.  2«3 ; 
0.  prUmoU,  Goldf.  U  74.  f.  8. 


Lam.  Brongn.  Bnv.  Parisi  t.  8.  f.  5 ; 
Goldf.  t.  82.  f.  1 ;  Oryphma  gh* 
bo9a,  Min.  Con.  392. 


Tonrtia 


Toortia 


Lower  Cbalk. 

Upper  Chalk. 

Maestricbt  Sand. 

Lower  Quader 

and  Pliner. 
Gault 


Upper    Green 

Sand. 
Maestricbt  Sand. 
Upper  Cbalk... 


Tottnay. 


TMrniy. 


ajfly. 


Ciply. 

Cbardstock. 

Warminster. 

Toamty. 

CbuQStod^ 
SwedeiL 
aply. 
Bohemii. 

GrandpT^ 


Ciply. 


Upper  Cbalk. 


Upper    Green 

Sand. 

Gault 

Lower    Green 

Band. 
Maefttricbt  Sand. 
Upper  Cbalk.. 


ManteU,  Fosa.  S.  D.  t.  25.  f.  4 ;  Sow. 
erby,  Min.  Con.  t.489.  f.3;  O. 
aU^trmit  and  0.  mmpdeottaim, 
Woodw. 

Sowerby,  Min.  Con.  t.  26.  f.  2-4. 
t.  605.  f.  1-3. 


Upper    Green 

Sand. 
Upper  CbaDc«. 


Maettridit  Sand. 
Upper    Green 
Sand. 


Kent. 


Warminster. 
BiseB. 
Folkstone. 
Hytbe,  &c. 

aply. 

Norwich. 

Brigbton. 

Warminster. 

Essen. 

NorwioL 

Brigbton 


Maestricbt. 
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Pbctkn. 
P.  Dotemplii .. 


fP.  doDgttiu 

fP.  Rmliiiianog 

fP*  ltrfllO'€OHatl4li» 

DlAJiMotu. 


tD. 


L  molticoctata 
LeoMoMiui.** 


Lfidiotoma 

L.  Fteii^dopcntig. 


tA.] 


AlflCOliA. 


PuOatiTla. 


tp.i 

GaITBOOB  JWA  ? 

SlBftTLA. 

^gofdkUi  


^.  plans 


d'Orb.  Terr.  Cr^  t.  433.  f.  1(K13..< 


LeTlAMA,M^.  Soc.  0.  Fr.  5.  i.  13. 

t  l\  d'Orb.  TeiT.  Cr^  t.433. 

f.1-5. 
Lain.  d'Orb.   Teir.   Cr^.  t.  436. 

f.  1-4. 
d'Orb.  Terr.  Crft.  t.  433.  £.  6-9   ... 
6oldf«t*93.f.2|  «uidft,noteand 

d;  d'Orb.  Terr.    Cr^.  t.  449. 

f.5-9. 

Sow«  Min.  Con.  t.80.f.l;  Goldf. 

106.15. 
Qoktt.  fp.  1. 106. 1 6 


n.  1.  PL  VI.  flg.  4. 


BeoM,  Kreide.  t.  38.  f.  18 

d'Orb.  Terr.  CrM.t.  481*1. 4 


8.oltaia  

8.  qqhupieangnlaU.. 


tN.i 


ItATIOA. 


Reuu,  Kreide.  1 38. 1 10. 
n.  1.  PL  VI.  %  a. 

]tettMr,Kfdde.t.t.f.l6. 

n.  t.  PI  VI.  Ag.  3. 


ANHSLIDA. 
Sdilotli.  R«nM,  Kreide.  t.  43. 1 3... 

Soweityy,  Min.  Con.  t.  598.  f.  1.. 


Sowe^.Mill.  Con.t.608.f.8   ... 
lUemer,  Kreide,  1. 16.  f.6 

QA8TBR0P0DA. 

Geinite,   Kreide.   1. 15.  f.  27-28 
ReoM,  Kreide.  1. 11.  f.  2. 


Upper    Oreen 

Sand. 
Lower   Oreen 
'  Sand. 
Lower    Oreen 

Sand. 


"t 


Oreen 


Oanlt 

MaestriditSand. 
Upper  Chalk 


Upper    Green 

Sand. 
Upper  It  Lower 

Chalk. 
Umier    Oreen 


Pliinersandatein. 
Upper    Oftta 

Upper  Chalk.. 
Lower  Chalk.. 


Waminiter. 
LodKtwaUHflllk. 
Chilworth,  fto. 

Warminiter. 

Orandpii* 

Ciply. 
Cognac»&e. 

Warmintter. 


Bohemia. 
IfaM. 

Botiemia. 
Haaovtr. 


Lower  Chalk. 
Upper    Green 

Sand. 
Upper  Chalk... 
Lower  Chalk.. 
Upper    Green 

Sand. 

Gatilt 

Upper  Chalk.. 
Lower    Gre6n 

Sand. 


Hippnritenkalk. 


Bohemia. 
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Scdppenstedt 
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Nautilus. 
•*N.  Isevigatus... 


N.  Farringdonensis. 


DiADBMA. 

tD.dobium 


Salenxa. 
*S.  punctata  ... 


GONIOPTOUS. 

fG.  peltatus,  Tar. 

NUCLBOLXTES. 
^CXDARIS. 


CEPHALOPODA. 

d'Orb.  Terr.  Cr^t.  t.  17;  Sharpc, 
Pal.S6c.t.2.f.l. 


n.  8.  PI.  VI.  fig.  1. 

ECHINODERMATA. 
Gras   


Agassiz 


Agasuz^Mon.  des  Salen.t.3.f.9-18; 

2  species. 

Plates  and  Spines  of  more  than  one  species. 


Upper  &  Lower 

Chalk. 
Upper    Green 

Sand. 


Lower    Green 
Sand. 

Lower    Green 
Sand. 


N^comien., 


France. 


Switzeriand. 

Atherfidd. 

Nenfdiald. 


Notes  on  some  of  the  Farringdon  Fossils,  and  Descriptums  of 
some  New  Species  of  the  Zoophytes  and  Molluscs. 

Manon  peziza. 

Goldfiiss  has  described  seTeral  different  sponges  under  this  namey 
which  do  not  all  possess  the  distinctive  character  of  the  genus  of 
having  the  mouths  of  the  canals  circumscribed ;  of  these  the  sponges 
(pi.  1 .  fig.  7  &  8)  do  not  now  concern  us  as  they  are  not  found  at 
Farringdon.  The  cup-shaped  sponge  (pi.  5.  fig.  I)  is  very  common 
at  Farringdon ;  its  inner  surface  is  covered  by  a  tolerably  compact 
integument  without  distinct  openings,  and  its  outer  surface  consists 
of  loose  spongy  tissue,  in  which  the  canal  openings  are  distinguished 
by  larger  irregular  openings.  As  this  should  not  be  called  a  Manon, 
I  have  called  it  Spongia  peziza ;  in  its  structure  it  is  closely  allied 
to  the  Spongia  Trigeris,  Its  form  is  always  a  very  regular  cup. 
Manon  peziza^  Goldf.  pi.  29.  f.  8,  is  a  good  Manon,  with  small,  wdl- 
defined  round  openings  to  the  canals ;  it  is  found  either  lobate  and 
spreading,  or  irregularly  cup-shaped. 

Chenendopora  fungiformis. 

Dr.  Mantell  has  figured  this  species  in  the  '  Wonders  of  Geology  * 
as  found  at  Farringdon;  but  his  figure  is  obviously  copied  from 
Blainville.  Lamouroux's  figure  has  a  general  resemblance  to  several 
of  the  Farringdon  sponges,  but  is  not  in  sufiScient  detail  for  me  to 
identify  it  viiXxi  either  of  them.  Mr.  Lonsdale  is  quoted  in  Mr. 
Morris's  Catalogue  as  the  authority  for  its  occurrence  at  Warminster. 
The  identification  must  remain  in  doubt  till  we  can  compare  our 
specimens  with  the  original  of  Lamouroux,  as  his  figure  and  descrip- 
tion would  apply  equally  well  to  several  of  the  Farringdon  sponges. 
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TO.  Mananpeziza,  M,  marginatum^  M,  maeropera,  or  3f.  Farring- 
donense. 

Yerticillipora  anastomosans,  Mantell.    Pl.  Y.  fig.  1. 

Y.  tenlis,  ninosa,  e  fibris  deas^  reticulatis  composita :  ramis  tubulosis, 
cylindricis,  libeiit  vel  coalescentibus,  subtequalibus ;  intus  tubo  centrali 
•epdsque  borizontalibus  numerosis  munitis :  tubo  supeni^  aperto,  intus 
poris  concentrids  perforato. 

An  attached  branching  sponge ;  with  cylindrical  branches  of  nearly 
equal  diameter^  formed  of  a  tlun  external  wall  connected  to  a  smiJl 
central  tube  by  numerous  horizontal  diaphragms ;  the  whole  consist- 
mg  of  uniform,  closely  reticulated,  fibrous  tissue ;  the  central  tube 
is  open  at  the  top  of  the  branch,  and  is  furnished  at  irregular  inter- 
Tals  with  a  circle  of  openings  into  the  outer  chambers.  The  branches 
are  marked  by  numerous  slight  constrictions,  and  coalesce  when 
growing  in  contact. 

Forms  irregular  clusters  of  2  or  3  inches  across ;  the  branches 
Tary  from  4th  to  ^  an  inch  in  diameter,  but  are  usually  of  about  i  of 
an  inch.  T^e  diameter  of  the  central  tube  is  very  nearly  a  quarter 
of  the  diameter  of  the  branch. 

I  Tenture  to  offer  a  description  and  figures  of  this  curious  sponge, 
which  is  the  most  interesting  of  all  the  oreanic  remains  found  at 
Farrioffdon ;  as  Dr.  MantelVs  woodcuts  harmy  do  justice  to  its  com- 
plicatea  structure.  It  is  one  of  the  most  abundant  species  found  at 
Farringdon,  but  has  not  yet  been  recognized  elsewhere. 

Plate  Y.  fig.  1  a.  A  branching  specimen,  with  two  of  the  branches 
coalescing. 

Fig.  1  b.  Exterior  of  a  branch. 

Fig.  1  e.  Top  of  the  same. 

Fig.  1  d.  Horizontal  section. 

Fig.  le  &  1/.  Perpendicular  sections :  a  a,  the  openings  from  the 
tube  mto  the  chamber. 

Fig.  1  g.  Portion  of  the  surface  magnified. 

Manon  macropora,  Sharpe.    Pl.  Y.  figs.  3*  &  4. 

If.  sessile,  expansmn  vel  cyatbiforme ;  extus  fibrosum,  intus  membranaceum ; 
oscuHs  majiusculis,  iniequalibus,  concentrids,  sub«stellatis ;  canalibus 
sex  vel  octo  ab  oscuUs  divergentibus. 

A  sponge  attached  at  its  base,  and  either  irregularly  cup-shaped 
or  expanded,  consisting  of  a  loose  fibrous  network,  which  is  coTcred 
on  the  inner  side  by  a  membrane  pierced  by  large  round  openings 
arranged  in  concentric  rings,  and  varying  in.  size  and  distance  from 
each  other ;  six  or  eight  canals  diverge  from  each  of  the  openings 
into  the  sponge,  fonmng  an  ill-defined  star  within  each  of  the  open- 
ings. 

Diameter  1  to  2  inches ;  thickness  ^  of  an  inch ;  openings  2  to  3 
lines  in  diameter. 

Moderately  common  in  all  the  gravel-pits  at  Little  Coxwell. 

This  species  is  easily  recognised  by  the  large  size  of  its  canal-open* 
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.  ings,  and  by  the  stellate  arrangement  of  the  cttiala  within  each 
opening. 

Plate  V.  fig.  3.  A  cup-shaped  variety. 

Pig.  4.  Expanded  variety. 

Pig.  4  a.  A  canal-opening  magnified.  N.B.  The  artist  has  drawn 
the  star  of  too  regular  a  form. 

Manon  porcatum,  Sharpe.     Pl.  V.  fig.  2. 

M*  sessile,  cyathiforme  vel  expansum ;  fibris  laxis,  reticulatis ;  eztus  nudum, 
ru^sissimum ;  intus  memoranaceum,  osculis  parvis,  numerosis,  irregu- 
lanbus. 

A  sponge  attached  at  its  base,  either  irregularly  cup-shaped  or 
expanded,  consisting  of  a  loose  fibrous  network  covered  on  the  inner 
side  by  a  slight  membrane,  which  is  pierced  by  very  numerous,  small, 
ill-defined  openings ;  the  outer  surface  is  ornamented  with  highly 
projecting  branching  wrinkles,  which  divide  and  re-unite  irregularly. 

This  species  is  nearly  related  to  Manon  petiza^  from  which  it 
differs  not  only  in  the  peculiar  wrinkline  of  the  surface,  but  also  in 
a  looser  texture,  and  less  regularly  defined  and  more  numerous  canal- 
openings.  In  its  external  wrinkUng  it  resembles  8pongia  nUcataria 
pf  Michelin,  which  belongs  to  a  di&rent  genus. 

Height  1  to  3  inches. 

Prom  the  gravel  of  Little  Coxwell  near  Farringdon. 

Plate  Y.  fig.  2*  External  view. 

Pig.  2  a.  Inner  surface  magnified. 

Manon  Farringdonense.    Pl.  V.  figs.  6  &  6. 

M.  sessile,  cyathiforme ;  extus  nudum,  tuberosum ;  intus  supemi  porosum, 
infrk  membranaceum. 

A  cup-shaped  sponge,  attached  at  the  base,  formed  of  coarse  and 
loosely  nettea  fibres ;  the  inner  side  of  the  cup  is  lined,  nearly  to  the 
top,  with  a  thick  membrane,  without  any  openings ;  above  this  tho 
upper  part  and  the  edge  of  the  cup  are  uncovered  and  are  pierced  by 
the  numerous  irregukr  openings  of  large  canals,  whicn  descaid 
nearly  perpendicularly  and  open  downward  on  the  outer  surface. 
The  exterior  is  fibrous,  and  irregularly  and  variously  wrinkled. 

Height  and  diameter  2  to  3  inches. 

Found  in  the  Sponge-gravel  of  Little  Coxwell  near  Farringdon. 

This  species  differs  from  all  those  with  which  it  is  associated  in 
having  the  lower  part  of  the  cup  entirely  lined  by  a  thick  membrane, 
leaving  only  the  upper  portion  of  the  interior  porous. 

Plate  V.  fig.  .5.  Exterior  of  a  wrinkled  variety. 

Pig.  6.  Interior  of  another  specimen. 

LoPHOLEPiB  Haobnovii,  Sharpe.     Pl.  V.  fig.  7. 

L.  expansa,  parasitica ;  cristis  elongatis,  sub-ramosis,  disjunctis,  utrinqiia 
3-^  Vel  4-senatim  porosis )  poris  lineas  obliquas  describentibuB. 

An  incrusting  coralline  with  long,  narrow,  porous  ridges  rising  out 
of  a  smooth  crust ;  the  ridges  are  detached,  but  are  usually  arranged 
widi  some  resemblance  to  branches  on  each  side  of  a  stem  $  >tke 
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cnist  ifl  cellular,  bat  as  few  of  these  cells  have  openings,  it  is  probable 
tbat  the  pores  hi  its  surface  were  gradually  filled  up  ;  the  ndges  are 
formed  of  obUque  tubular  cells  with  small  rounded  openings,  arranged 
in  oblique  lines,  forming  three  or  four  rows  on  each  side  of  the  ridges ; 
and  these  rows  are  continued  beyond  the  ridges  in  the  fiat  crust. 

Common  at  Little  Coxwell  near  Farringdon,  and  also  found  in  the 
Upper  green  sand  of  Chute  Farm  near  Warminster. 

Plate  V.  fig.  7  a.  A  well-preserved  specimen  coTcring  a  branch  of 
VerticiUipora  anastamosans. 

Fig.  7  b.  Portion  of  7  a  magnified. 

Fig.  7  c.  A  worn  specimen  on  a  pebble ;  the  cells  are  laid  open  hj 
the  wearing  of  the  tops  of  the  ridge. 

Fig.  7  d,  A  portion  magnified. 

Tms  pretty  CoraUine  probably  belongs  to  Dr.  Hagenow*s  genus 
Lopholepis,  but  it  b  larger  and  has  the  pores  more  regularly  disposed 
than  either  of  his  species.  It  has  much  resemblance  also  to  Kepto^ 
clausa  Neocamiensis  and  R.  obliqua  of  M.  d*Orbigny.  It  is  named 
after  Dr.  Hagenow,  author  of  the  'Bryozoen  der  Maastrichter 
Kreidebildung.' 

Plicatula  iNiSauioENs,  Sharpe.    Pl.  VI.  fig.  3. 

P.  test&  oblong4;  valr4  inferiore  omnino  afflxft}  cardinis  detitibus  valde 
inaequalibUB,  traosyersd  rugosit. 

Shell  oblong,  attached  by  the  whole  surface  of  the  lower  ralve,  and 
adapting  itself  to  the  form  of  the  body  on  which  it  grows  }  hinga« 
teeth  very  unequal  and  transrersely  furrowed. 

Length  1  inch,  breadth  ^ths  of  an  inch. 

In  the  grayel  of  Little  Coxwell,  attached  to  Ostraa  macroptera. 

The  form  of  this  shell  and  of  its  hinge  is  so  peculiar  that  I  have 
igured  ity  although  I  hava  only  seen  one  yalye. 

Flats  YI.  fig.  3  a.  Interior  of  lower  valve. 

Fig.  3  5.  Hinge-teeth  of  the  same,  enlarged. 

DiANCHORA?  guttata,  Sharpc.     Pl.  YI.  fig.  4. 

P.  teitft  oblongA;  valv&  inferiore  affixi;  superiore  tenui88int&,  longitu- 
dinahter  striatit;  ttriis  imequahbut,  guttatim  nodosis. 

Shell  oblong,  flat,  very  irregular ;  fixed  by  nearly  the  whole  sur* 
fkce  of  the  lower  valve,  and  taking  the  form  of  the  bodies  upon  which 
it  grows ;  upper  valve  very  thin,  ornamented  with  numerous,  close 
set,  radiating  ribs,  very  unevenly  covered  with  guttate,  spinous  pro- 
jections. 

Length  1  inch,  breadth  ^^ths  of  an  inch. 

Common  m  die  gravel  of  Little  Coxwell,  adhering  to  Oysters, 
Sponges,  &c. 

Although  this  species  is  abimdant  in  the  Farringdon  gravel,  it  is 
generally  so  much  broken  that  it  has  been  necessary  to  fVame  the 
above  description  firom  a  number  of  fragments,  none  of  which  show 
the  hinge  distinctly  :  the  shell  was  apparently  very  thin  at  the  hinge. 
Not  being  satisfied  with  the  reasons  which  have  led  many  authors  to 
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class  such  shells  with  Spondylua,  I  place  it  provisionalljin  Sowerby's 
genus  DianchorOy  which  fonns  a  convenient  receptacle  for  tfaera  Ifll 
3ieir  true  characters  are  better  known. 

Plate  VL  fig.  4  a.  Inside  of  under  valve. 

Fig.  4  b.  Side  view  of  ^,  4  a. 

Fig.  4  c.  Fragment  of  upper  valve. 

Fig.  4  d.  Fragment  of  upper  valve  of  a  varie^  with  finor  granida- 
tions. 

Lima  Farringdonensis,  Sharpe.    Pl.  VI.  fig.  2. 

L.  testi  ovati,  compre88&,  undique  radiatim  costati;  costb  imequalibus, 
angulatis,  longitudinaliter  striatis ;  anterioribus  subobsoletiB. 

Shell  transversely  ovate,  ornamented  throughout  with  unequal  ribs 
radiating  from  the  beak,  which  are  sharply  angular  or  slightly 
rounded  at  top,  and  covered  at  their  sides  with  fine  radiatiiig  Unes, 
becoming  gradually  stronger  towards  the  posterior  side  of  the  shell ; 
anterior  ribs  faint,  middle  ribs  sharp  and  large,  with  a  SHiall  sharp 
rib  between  each ;  posterior  ribs  less  elevated ;  ears  unequal. 

Length  \,  breadtn  f  of  an  inch. 

Found  in  the  Sponge-gravel  of  Little  Coxwell  near  Farringdon,  and 
in  the  ferruginous  sandstone  of  Seende  near  Devizes. 

This  sheU  is  very  closely  related  to  L,  Cottaldina  BXidL.pttrallela, 
d'Orb.,  and  combines  the  small  intermediate  rib  of  the  former  with 
the  longitudinal  radiation  of  the  latter ;  it  difiers  from  both  in  having 
the  anterior  side  ribbed. 

Plate  VI.  fig.  2  a  &  2  5.  Natural  size. 

Fig.  2  c.  The  same,  magnified. 

Nautilus  Farringdonensis,  Sharpe.    Pl.  VI.  fig.  I . 

N.  te8t&  inflate,  lateraliter  compressft,  lat^  umbiUcatft ;  juniore  laevi,  adoM 
undato-subcostatft ;  aperturiL  tnmcato-ovat&,  profundi  sinuatft;  a^tomm 
marginibus  paukdmn  sinuatis ;  tiphunculo  ? 

Shell  gibbous,  with  flattened  sides,  at  first  smooth,  then  crossed 
by  broad  shallow  undulations,  which  advance  in  a  bold  curve  at  eadi 
side  of  the  whorl  and  recede  at  the  back,  marking  the  deep  sinus  of 
the  mouth ;  edges  of  the  septa  nearly  straight ;  umbilicus  lai^e,  with 
a  rounded  edge.     Mouth  broadlv  ovate. 

Diameter  4^  inches ;  width  of  mouth  2^  inches ;  height  of  mouth 
2  inches. 

From  Boutcher's  pit,  Farringdon,  where  it  is  rare. 

This  Nautilus  has  a  flatter  and  more  regular  form  and  fainter  un- 
dulations than  N,  undulatu8,  from  which  it  is  distinguished  by  its 
large  umbilicus  ;  the  undulations  are  very  faint,  and  in  the  largest 
part  of  the  specimen  are  half  an  inch  wide  each.  There  is  no  other 
species  for  wnich  it  can  be  mistaken.  The  position  of  the  siphunde 
hjAS  not  yet  been  seen. 

Plate  VI.  fig.  1  a  &  1  5,  reduced  to  frds  of  the  natural  s&e. 
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December  14,  1853. 

The  Ber.  Prof.  S.  Hauffhton,  A.M.,  M.R.I.A.,  Prof.  Isaac  Newton 
LoomiB,  M.D.»  the  Rev.  F.  F.  Statham,  A.M.,  and  S.  Highley,  Jan., 
Esq.,  were  elected  Fellows. 

The  followmg  communications  were  read : — 

I.    Oft  a  MEW  SPECIES  O^VOLKMANNIA.      By  J.  D.  HoOKER, 

M.D.,  F.R.8.,  F.G.S. 

[Plate  VII.] 

The  sabject  of  the  present  communication  is  one  of  the  most  re- 
markable of  the  many  botanical  puzzles  presented  in  such  abundance 
by  the  shales  of  the  Carboniferous  period.  It  was  procured  by  my 
mend  Mr.  W.  Gourlie'*',  of  Glasgow,  and  forwarded  to  me  with  the 
request  that  I  would  lay  some  account  of  it  before  the  Geological 
Socie^.  As  the  specimen  presented  no  characters  by  which  its 
botanical  affinities  could  be  determined  positively,  and  as  our  fossil 
flora  is  rapidly  advancinff  towards  the  state  of  a  chaos  of  synonymy, 
I  felt  that  my  most  pruaent  course  was  to  exhibit  the  drawing  and 
specimen  for  several  successive  evenines  at  the  Geological  Society, 
in  the  hope  that  some  amongst  our  Fellows,  more  famUiar  with  the 
nomenclature  of  fossil  botany  than  circumstances  have,  of  late, 
allowed  of  my  becoming,  might  be  able  to  point  out  the  genus  to 
which  it  should  be  referred.  Nor  have  I  been  disappointed ;  for  I 
am  indebted  to  Mr.  Morris  for  indicating  to  me  its  very  considerable 
similarity  to  the  genus  Folkmanniaf  of  Sternberg,  and  its  probable 
identity  with  it.  Mr.  R.  Jones,  also,  has  referred  me  to  a  drawing 
of  a  fragment  of  a  fossil,  apparently  belonging  to  the  same  genus, 
made  under  his  own  eye,  for  Dr.  Johnston's  *  Natural  History  of 
the  Eastern  Borders,'  and  which  is  there  given  as  Cani/eritesl  ver- 
ticiliatw,  Tate. 

The  general  appearance  of  the  Carluke  fossil  is  accurately  repre- 
sented in  the  accompanying  drawing  (PI.  VIL) :  it  consists  of  a 
fitraieht,  undivided,  apparently  nearly  cylindrical  stem  or  termination 
of  a  branch,  9  inches  long,  gradually  tapering  from  |to  ^rd  of  an  inch 
in  diameter  (as  compressed),  interrupted  by  seventeen  nodes  or  joints, 
which  bear  each  a  series  of  tubercles.  The  intemodes  are  grooved, 
and  diminish  in  length  upwards;  the  grooves  alternate  with  the 
tubercles,  which  appear  to  be  placed  on  the  intervening  ridges :  the 
number  of  striae  and  tubercles  is  fVom  ten  to  fifteen  on  each  surface. 
The  lower  transverse  series  of  tubercles  crosses  obliquely  the  diameter 
of  the  stem,  as  though  indicating  a  spiral  arrangement ;  this,  how- 
ever, I  do  not  doubt,  is  the  effect  of  unequal  pressure  during  fossili- 

*  The  fouil  was  discovered,  Mr.  Gourlie  infonns  me»  by  Mr.  William  Grossart, 
of  Carluke,  near  that  town,  in  the  ironstone  working,  midway  between  the 
Cannel-cxMl  asd  Main-lime,  and  consequently  at  no  great  distance  from  the  Old 
Red  Sandstone. 

t  A  Bohemian  genna  of  fossils,  which,  to  the  best  of  my  belief,  has  not  hitherto 
been  recorded  as  British. 
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zation,  it  not  being  apparent  in  the  seven  upper  nodes,  which  are 
nearly  horizontal.  The  upper  node  appears  to  bear  a  whorl  of 
subuuite  subereet  leaves,  half  an  inch  long,  pressed  against  a  large 
terminal,  erect,  oblong  body,  resembling  a  cone.  This  is  no  doubt 
an  orean  of  fructification,  but  whether  of  male,  female,  or  herma- 
phrodite flowers,  there  are  no  means  even  of  assuming:  it  is  2i  inches 
long  and  1^  inch  in  diameter,  blunt  at  both  ends,  and  appears  to 
have  been  in  a  state  of  decomposition  when  imbedded. 

There  is  an  appearance  of  what  is  usually  (but  often  very  erro- 
neously) termed  a  bark,  extending  along  the  circumference,  and  for 
some  distance  towards  the  axis  of  the  cone,  all  round ;  and  this, 
as  well  as  the  surface  from  which  it  has  been  removed,  presents 
obscure  traces  of  hexagonal  areolee  :  this  appearance,  however,  varies 
so  much  according  to  the  light  in  which  the  fossil  is  held,  that  I 
cannot  place  much  dependence  upon  it.  I  have  not  myself,  nor  has 
any  botanist  to  whom  I  have  shown  the  specimen,  been  able  to  detect 
any  character  of  importance  in  this  terminal  organ;  though  it  is 
doubtless  one  of  very  complex  organisation,  and,  were  it  capable  of 
analysis,  would  form  a  most  important  addition  to  the  scant^  know- 
ledge we  possess  of  the  affinities  of  the  plants  composing  the  Coal- 
flora. 

After  a  very  careful  examination  of  Sternberg's  description  and 
plates  of  Folkmannia,  I  have  no  hesitation  in  assenting  to  Mr.  Mor- 
ris's opinion  as  to  the  genus  in  which  it  is  expedient  Uiat  this  (bsnl 
should  be  placed ;  and  I  propose  that  it  bear  the  name  of  that  excel- 
lent palseontologist,  F,  Morrisii,  The  Coniferitu  ?  veriiallatvs  of 
Tate  must  also  be  placed  in  the  same  genus,  until  more  perfect  sped* 
mens  shall  be  found,  or  some  characters  detected,  by  which  it  may 
be  separated  from  it. 

Several  species  have  been  described  of  Volkmannia ;  they  are  vef* 
ticillately  branching  plants,  with  subulate  leaves,  and  they  probaUj 
attained  a  considerable  stature :  as  they  have  hitherto  been  met  wiui 
in  the  German  coal-fields  but  rarely,  it  is  the  more  remarkable  that 
several  of  them  should  have  been  found  with  organs  of  fiructifioation; 
as  is  also  the  case  with  this  British  specimen. 

Among  Sternberg's  species  a  very  singular  one  has  been  figured 
(Flor.  Vorwelt,  tab,  15)  under  the  name  of  F,  gracilU,  which  beaff 
a  terminal  cylindrical  cone,  as  long  as  that  of  F.  Morrisii,  but  not 
half  its  diameter.  This  cone  presents  no  appearance  of  articulik 
tions,  beyond  numerous  whorls  of  short  subulate  leaves.  The  whorl 
of  leaves  at  the  base  of  the  cone  of  the  Carluke  fossil  resembles  one 
of  these,  and  it  is  very  possible  that  as  the  cone  of  V,  gracilis  advanced 
to  maturity,  the  majority  of  its  leaves  (or  rather  bracts)  might  fUl 
off)  leaving  an  areolated  surface.  This  is,  however,  a  mere  hypo- 
thesis. 

In  existing  plants,  the  arrangement  of  the  male  or  female  flowers 
into  cones  or  catkins  prevails  throughout  so  many  natural  orders, 
that  from  this  character  alone  no  conclusion  can  be  drawn  as  to  the 
possible  aflinities  of  Folkmannia :  a  combination,  however,  of  this 
and  the  fluted  and  articulated  stem  almost  restricts  us  to  two  natural 
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orders  of  dicotyledonous  livrng  plants;  viz.  Casuarinea  tLud  Gnetacea, 
Of  these,  Camintrinea  bsTe  the  male  flowers  in  catkins  very  similar  to 
that  of  F.  gracilis,  as  figured  by  Sternberg,  in  which  the  supposed 
subulate  leaves  resemble  the  exserted  filaments  of  the  jointed  catkin 
in  the  modem  plant ;  and  in  another  species  of  Volkmannia  we  have 
the  so-called  leaves  or  bracts  of  the  cone  terminated  by  swellings  like 
the  aptbers  of  Casuarina,  But  the  Casuarinea  have  sheaths  like 
those  of  Equisetum  at  the  nodes ;  and,  no  known  allies  of  this  natural 
order  having  hitherto  been  met  with  in  the  coal  formation,  it  would 
be  rash  to  depend  too  much  on  the  evidence  I  have  detailed.  Amongst 
Gnetaee^f,  tne  genus  Ephedra,  though  differing  much  in  some 
respects,  and  especially  in  the  small  size  of  the  catkins  of  male 
flowers,  presents  in  its  sheathless  joints  and  verticillate  ramification 
much  analogy  to  Volkmannia,  while  it  sometimes  also  bears  foHaceous 
organs  at  the  nodes ;  and  the  presence  in  the  Carboniferous  flora  of 
Coniferous  plants  (which  are  allied  to  Ephedra)  is  presumptive 
evidence  of  their  possible  affinity.  Again,  much  may  be  said  in 
favour  of  Lycopodiacece  and  Equisetace<B ;  for  while  in  the  former 
order  the  leaves  are  sometimes  distant  and  whorled,  on  the  other 
hand  the  general  resemblance  of  V.  Morrisii  to  a  gigantic  Equisetum 
without  sheaths  is  obvious.  It  is,  perhaps,  not  improbable  that  th9 
genus  may  prove  to  be  allied  to  Lepidodendron,  but  there  is  no 
species  amongst  either  recent  or  fossd  Lycopodiacea  at  all  resem* 
blijig  Sternberg's  figure  in  structure  or  in  ramification  ;  which  latter 
character  probably  led  Unger  to  class  it  with  his  artificial  group 
AsterophyllitetB . 

I  cannot  but  regret  that  such  a  remarkable  and  unique  fossil 
should  pass  through  my  hands  unaccompanied  by  any  more  definite 
information  regardiug  its  botanical  affinities  than  that  I  have 
hazarded ;  but  it  must  be  borne  in  mind  that  the  botanist  can  only 
bring  an  experience  matured  by  errors  and  disappointments  to  bear 
upon  incomplete  specimens,  especially  of  fossil  plants.  No  proeress 
in  systematic  botany  can  be  made  without  an  extensive  study  of  the 
stracture  and  morphology  of  plants,<^--of  their  comparative  anatomy, 
in  short ;  and  the  materials  for  these  researches  are  seldom  preserved 
in  fossil  specimens.  The  familiar  characters  of  plants  are  easily 
acquired ;  out  when  once  lost  sight  of,  the  botanist  must  have 
recourse  to  dissection,  and  in  the  first  instance,  to  the  dissection  of 
the  reproductive  organs,  however  minute;  and  these,  even  when 
present  in  the  fossil,  are  almost  invanably  irretrievably  injured.  In 
the  Coal-flora  we  have  but  one  familiar  feature,  the  Polypodiaeea ; 
and  we  recognise  these  .at  once  by  their  habit,  and  approximate  to 
their  affinities  by  their  venation.  I  know  of  no  other  genus  of  coal- 
plants,  of  which  it  can  be  said  that  it  is  known  to  be  at  all  closely 
allied  to  any  existing  genus.  To  appreciate  these  difficulties,  a  veij 
extensive  knowledge  of  recent  plants  is  necessary ;  and  when  this  is 
brought  to  bear  upon  fossils,  the  results  are  very  barren  of  geological 
conclusions. 

Plants  are  much  more  protean  than  axiimals  in  habit,  and  in  the 
form  and  characters  of  theur  external  organs  of  support,  assimilationi 
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and  respiration ;  and  there  is  also  another  and  a  greater  difficulty 
not  sufficiently  understood,  namely,  that  the  habit  and  functions  of  a 
plant  are  not  indicated  by  its  structure  to  the  extent  which  is  com- 
monly supposed.  The  prevalent  tendencnr  to  infer  from  the  lax  and 
compressible  tissue  of  so  many  of  the  phnts  of  the  Carboniferous 
flora,  that  the  vegetation  of  that  epoch  was  a  swamp  one,  is  one 
instance  of  this  amongst  many.  Ainongst  the  marsh-trees  of  our 
own  era,  whether  of  fresh  water  or  salt,  of  the  tropic  or  of  the  tem- 
perate zones,  the  botanist  perceives  hard  and  compact  woods  to 
prevail :  this  is  shown  in  the  Swamp-pines  of  the  north  and  south 
temperate  hemispheres  on  the  one  hand,  and  in  the  Avicennia^  Rki- 
zopkora,  and  other  mangroves,  and  a  host  of  dicotyledonous  trees  ol 
the  deltas  and  salt-water  creeks  of  the  tropics,  on  the  other.  And  ii 
we  turn  to  the  driest  regions  of  the  globe,  the  Baobab,  one  of  the 
most  bulky  known  trees,  an  inhabitant  of  Senegal  and  of  the  arid 
Cape  de  Verd,  may  almost  be  shced  with  a  kmfe,  like  a  carrot*. 
The  gigantic  Cacti  of  America  and  the  Euphorbue  of  the  African 
deserts  are  other  cases  in  point,  of  succulence  indicating  drought. 
That  the  plants  which  contributed  most  materially  to  the  formation^ 
of  coal,  had  unusually  lax  tissue,  is,  I  think,  proven ;  but  this,  of 
itself,  is  no  argument  for  their  being  evidences  of  a  swamp-flora; 
whilst  the  prevalence  of  ferns  throughout  the  coal-formations  is 
rather  asainst  such  an  hypothesis,  than  in  its  favour.  On  the  other 
hand  I  think  that  the  geological  evidence  in  favour  of  the  coal-planti 
having  grown  in  swamps  is  of  itself  conclusive,  and  opposed  to  no 
botamctd  considerations  of  importance. 


2.  Observations  on  the  Chonetes  comoidks  (Sowerby). 
By  Thomas  Davidson,  Esq.,  F.G.S.  &c. 

[Plate  VIII.] 

The  external  characters  of  Chonetes  comoides  have  been  careful^ 
described  by  several  authorsf*  but  little  or  nothing  appears  to  haf 
been  written  on  its  internal  arrangements.  Sowerb/s  figure  doe 
not  convey  a  correct  idea  of  the  double  area,  fissure,  and  cardinal  prt 
cess  belonging  to  this  species ;  he  simply  represents  a  bivalve  she 

*  Yet  Adanaon,  arguing  fit>m  their  gigantic  dimensions,  pronounced  sot 
specimens  of  this  tree  to  be  upwards  of  3750  years  old ! 

t  Described  as  "  Productus  comoides  "  by  Sowerby  in  the  4th  vol.  of  the  '  Hi 
Con.*  (p.  31,  pi.  329,  1823);  but  it  is  not  P.  comoide»t  Phill.  (*  MounL  Limesto* 
p.  213,  pi.  7,  fig.  4  which  represents  the  Prod,  Cora).  This  mistake  was  hinl 
at  by  Prof.  M'Coy  in  p.  107  of  his  <  Synopsis  of  the  Garb.  Foss.  of  Ireland,'  1S4 
but  the  authors  who  have  more  particularly  described  the  exterior  of  this  remsS 
able  species  are  M.  de  Vemeuil,  *  Russia  and  the  Ural  Mountains,'  vol.  iL  p.  H 
1845, — Count  Keyserling,  <  Reise  in  das  Petschora-land,'  p.  214,  pi.  6.  figs.  I  m,i 
1846, — M.  de  Koninck,  '  Monographic  des  Genres  Productus  et  Chonetes,'  p.  II 
pi.  19.  fig.  1,  1  a,  bf  c,  1847 ;  this  excellent  description  of  the  exterior  is  t 
nied  by  a  list  of  synonyms. 
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posseosing  a  convex  and  concave  valve,  finely  striated,  with  a  flat 
parallel  apace  between  the  beaks.  Better  illustrations  were,  however, 
snbseqnentl^  published  by  Count  Keyserling,  and  reproduced  by 
M.  de  Koninck :  therein  the  characters  of  the  double  area,  cardiniu 
process,  and  fissure  are  fiuthfully  delineated  ;  but  the  recent  discovery 
of  several  more  perfect  examples  has  made  it  desirable  to  publish  a 
few  observations  and  illustrations  additional  to  those  we  already 
possess. 

The  Ckonetes  comoides  may  be  described  as  a  large  semicircular, 
inequivalve  shell,  with  a  straight  hinge-line,  generally  (but  not 
always)  as  long  as  the  greatest  width  of  the  shell,  and  articulated  by 
means  of  teeth  and  sockets.  The  ventral  or  dental  valve  is  exte- 
riorly more  or  less  convex,  with  ear-shaped  expansions.  The  dorsal 
or  Moeket  valve  concave,  following  the  curves  of  the  other.  The  beak 
of  the  ventral  valve  is  variably  developed  in  difierent  examples, — a 
circumstance  due  to  the  lesser  or  greater  convexity  of  the  shell :  thus 
in  specimens  with  a  moderately  convex  valve  the  beak  is  rarely  pro- 
duced or  visible  above  the  cardinal  edge,  while  in  more  convex  indi- 
viduals (as  in  the  typical  examples  figured  in  the  '  Min.  Con.'^  the 
beak  is  more  or  less  inflated,  mcurved,  and  piodiiced  beyona  the 
level  of  the  cardinal  ed^.  Each  valve  is  provided  with  a  subparallel 
area,  rather  narrower  m  the  smaller  valve.  In  the  middle  of  this 
last  exists  a  produced  trilobed  cardinal  process  {not  tooth),  which 
enters  and  almost  fiUs  a  corresponding  triangular  cavitv  or  fissure  in 
the  ventral  area*.  The  external  surface  of  the  shell  is  finely  stri- 
ated. Of  the  interior  of  the  dorsal  and  characteristic  valve  unfor- 
tunately no  example  has  been  hitherto  obtained,  and  all  we  may 
observe  is,  that  it  was  provided  with  a  well-developed  cardinal  pro- 
cess, and  sockets  for  the  reception  and  articulation  of  the  strong  teeth 
of  the  voitral  valve ;  but  I  have  little  doubt  that  the  interior  of  this 
valve  was  not  only  provided  with  the  muscular  impressions  of  Chonetes, 
but  likewise  with  the  reniform  impressions  common  to  all  the  genera 
or  subgenera  composing  the  family  PRODUcriDist ;  but  of  the  inte- 

*  This  portion  of  the  area  in  Mr.  Sowerby't  specimen  was  concealed  by  matrii. 
The  cardinal  process  does  not  concur  in  the  articulation  of  the  valvei ,  which  last 
Ainctlon  is  entirely  performed  by  the  means  of  special  teeth  and  sockets ;  the  fissure 
in  this  and  other  similar  cases  serving  simply  to  afford  space  for  the  cardinal  pro- 
cess. This  &ct  was  clearly  demonstrated  by  Prof.  King  and  others ;  but  often  very 
erroneously  termed  a  tooth  by  various  authors.  To  tbb  process  were,  no  doubt, 
fixed  powerful  cardinal  muscles ;  a  point  anatomically  proved  by  the  examination 
of  the  same  process  in  genera  and  spedes  still  alive  (see  General  Introduction  to 
my  work  on  British  Fossil  Brachiopoda,  Palssontograph.  Soc  1853). 

f  Prof.  M*Coy  considers  Chonetet  to  be  simply  a  subgenus  of  Lepttena,  removing 
it,  as  well  as  Strophaiona  (King)  and  Julotteget  (Helmersen),  (torn  the  family 
PftOOUCTiDf  (British  Pal.  Foss.  Cambridge  Museum,  p.  3S7,  1852),  and  placing 
them  among  his  Lgptstnidm  or  ORTHisiDiB  ;  but  that  is  fkr  from  being  the  ease, 
as  I  have  endeavoured  to  demonstrate  in  p.  112  of  my  'General  Introduction,' 
when  showing  thai  the  reniform  impressions  (supposed  to  be  vascular)  are  the  same 
both  in  Chonetes  and  Productut  (see  the  annexed  Plate  VIII.  figs.  11  and  13),  while 
a  completely  different  arrangement  in  the  vascular  system  seems  to  have  prevailed 
among  the  Strophomenidje,  of  which  Lepttma  constitutes  simply  a  section. 
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rior  of  the  ventral  or  dental  valve  we  are  at  present  in  a  condition  to 
of!er  a  detailed  description  and  exact  illustrations*. 

Under  the  extremity  of  the  more  or  less  produced  and  incnired 
heak,  and  between  the  projecting  teeth,  is  seen  a  depression  of  mode- 
rate depth,  which  was  almost  entirely  occupied  by  the  cardinal  pro- 
cesa  of  the  dorsal  yalve.  At  the  base  of  the  fissure  above  described, 
originates  a  large  deep  pyriform  muscular  cavity  extending  to  beyond 
half  the  length  of  the  valve,  and  occupying  upwards  of  a  third  of  its 
inner  surface,  its  greatest  breadth  being  towards  the  centre  of  the  shell. 
In  this  depression  are  situated  four  elongated  muscular  impressions ; 
and  these  are  separated  to  a  greater  or  lesser  extent  by  three  longitu- 
dinal ridges,  the  central  one  of  which  is  shorter  than  the  others,  and 
assumes  the  character  of  a  mesial  septum ;  the  two  smaller  soars 
situated  on  either  side  near  the  central  ridge  are  due  to  the  adductor, 
the  outer  and  larger  ones  to  the  cardinal  muscles ;  but  no  traces  of 
peduncular  musciwir  impressions  could  be  traced  on  any  of  the  spe- 
cimens placed  at  my  disposal  for  examination,  nor  are  the  muscmar 
scars  equally  deep  in  all  examples ;  the  separating  ridges  are  often 
but  faintly  developed,  especially  in  those  cases  in  which  the  valve  is 
shallow. 

Sowerby  stated  that  the  Chonetes  comoides  is  **  very  thick  and 
rough  within ; "  the  same  was  noticed  by  M.  de  Koninck  and  others ; 
but  these  authors  do  not  seem  to  have  observed  the  very  great 
disproportion  in  the  relative  thickness  of  the  valves  so  beautifiilly 
exemplified  in  the  fragment  (PI.  VIII.  fig.  5)t.  The  considerable 
wei^t  of  the  ventral  valve  precludes  aU  possibili^  of  the  animal 
having  lived  attached  by  its  snort  and  delicate  cardinal  spines^  as 
some  have  imagined,  and  renders  more  probable  the  idea  expressed 
by  M.  d*Orbigny  (when  describing  Productus)^  that  the  animal 
lived  on  muddy  bottoms  with  its  smaller  {dorsal)  valve  uppermost, 
because  no  aperture  exists  large  enough  to  have  afforded  passage  to 
muscular  fibres  of  sufficient  strength  to  have  supported  so  pon- 
derous a  shell,  nor  could  the  physical  power  of  the  uiimal  nave 
sufficed  to  have  opened  its  valves,  had  the  weighty  and  often  gibbose 
ventral  valve  been  the  upper  one ;  but,  on  the  contrary,  by  supposing 
this  to  have  been  the  lower  one,  not  much  exertion  would  have  been  re- 
quired to  slightly  raise  its  dorsal  valve,  which  was  comparatively  thin. 

*  Some  months  ago,  while  examining  the  carboniferous  Bracfaiopoda,  preserved 
in  the  Museum  of  the  Geological  Society,  my  attention  rested  upon  two  imperfect 
but  remarkably  massive  circular  valves  of  a  Brachiopod  labelled  **  Proditehu  ?/' 
and  stated  to  have  been  discovered  at  Llanymynech  by  Mr.  J.  Yates.  These  valves 
differed  so  materially  from  all  those  with  which  I  was  then  acquainted,  that  1  was 
tempted  to  refer  them,  with  doubt,  to  some  species  of  OrtkU  bearing  outward  re- 
semblance to  the  O,  retmpinaia  (see  a  note,  p.  103  of  my  *  Introduction  ')  ;  but 
shortly  after,  having  received  from  Mr.  O.  W.  Ormerod  the  loan  of  several  perfect 
examples  similar  to  those  in  the  Society's  Collection,  I  at  once  discovered  my 
mistake,  since  they  belong  to  a  variety  of  the  C.  comoides  of  Sowerby,  an  opinioD 
previously  expressed  by  Mr.  Salter  on  inspecting  Mr.  Ormerod's  specimens  at 
Manchester. 

t  1  do  not  quite  understand  Count  Keyserling's  section  of  Chonetes,  as  no  free 
spaoe  aaema  to  exist  for  the  animaL 

X  Their  presence  in  this  species  has  not  as  yet  been  satisfactorily  demonatrated. 
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None  of  the  examples  I  have  been  able  to  examine  were  provided 
with  cardinal  spines,  nor  do  the  fieores  published  either  by  Sowerby 
or  Count  Keyserlin^  exhibit  any ;  but,  from  various  indications  along 
the  cardinal  edge  of  one  or  two  of  Mr.  Ormerod's  specimens,  it  seems 
vrobable  that  they  originally  existed,  and  were  (as  observed  by 
M.  de  Koninck)  numerous,  short,  and  slender. 

In  dimensions,  as  well  as  in  external  shape,  this  species  varies  to 
a  considerable  extent, — a  circumstance  common  to  almost  every 
species  composing  the  class.  Thus  some  examples  are  of  a  broad 
semicircular  form,  with  their  greatest  width  at  or  near  the  hinge-Une ; 
while  others  are  almost  circular,  the  greatest  width  being  found 
towards  the  middle  of  the  shell*.  Thus  two  extreme  incuviduals 
have  presented  the  following  measurements : — 

Length  3  inches.  Width 6  inches. 

Ditto 2  inches  9  lines.         Ditto  3   do. 

The  Chonetes  comoides  does  not  appear  to  be  a  very  common 
species,  and  occurs  only  in  the  Mountain-limestone.  The  following 
firitish  locaUties  have  been  recorded.  Llangaveni  in  Anglesea,  by 
Sowerby;  Llanymynech,  by  Mr.  Yates;  'ndenham  Chue  (Glou- 
cestershire), near  Chepstow,  Treflach  Wood,  S.  W.  of  Oswestry,  and 
Beaumaris,  Andesea,  by  Mr.  G.  W.  Ormerod ;  Bundoran,  County 
Donegal ;  and  Lough  Erne,  Fermanagh,  &c. 

*  Since  communieatiog  the  above  obterrations  to  the  Geological  Society,  Mr.  D. 
Sharpe  bai  obtained  the  loan  of  the  original  specimens  of  C  eomoideif  figured  in 
the  *  If  iu.  Con./  and,  having  removed  the  matrix  which  encumbered  some  portions 
of  the  arga^  has  found  that  fig.  1  in  Plate  VIII.  exactly  agrees  with  the  typical  tpeei' 
mun,  but  that,  in  his  opinion,  the  other  examples  illustrated  in  Plate  Vlll.  figs.  2  to 
S,  may,  perhaps,  belong  to  another  species,  as  they  seem  externally  more  globose, 
and  have  a  snuUler  area,  on  which  be  was  unable  to  discover  the  diagonal  lines  ob- 
servable in  the  types  of  ChoneUt  eomoidet ;  Mr.  Sharpe  considers  also  that  in  the 
interior  of  the  ventral  valve  there  is  a  perceptible  difference  in  the  shape  of  the 
moacular  impressions  as  well  as  in  the  development  of  the  mesial  septum.  But, 
having  since  had  the  opportunity  of  examining  along  with  Mr.  Sharpe  and  Mr. 
Salter  the  specimens  above  alluded  to,  I  did  not  feel  convinced  that  sufficient 
grounds  existed  for  the  esublishment  of  two  distinct  species  (an  opinion  in  which 

1  am  supported  both  by  Mr.  Salter  and  Mr.  Woodward).  The  original  type  of  C 
ectmoides  does  not  appear  to  me  to  differ  materially  in  its  convexity  from  several  of 
thoae  figured  in  my  Plate.  The  area,  I  am  ready  to  admit,  is  certainly  wider  In 
both  of  Mr.  Sowerby *s  specimens,  than  in  those  belonging  to  Mr.  Ormerod  (figs. 

2  to  8).  Mr.  Sowerby's  second  eiample  (not  figured  in  the  '  Min.  Con.')  is  an 
incomplete  interior  of  the  ventral  valve,  in  which  from  the  shell  being  both  young 
and  shallow,  the  muscular  impressions  could  not  be  as  deep  or  as  indented  as  in  the 
adult,  very  convex,  and  thickened  valves,  such  as  the  original  specimen  figured  in  the 
*  Min.  Con.,'  or  those  illustrated  in  my  Plate,  figs.  6  to  8 ;  nor  could  I  perceive  that 
the  interior  of  Mr.  Sowerby's  specimen  varied  in  any  etsential  particular  from  those 
more  perfect  specimens  I  had  examined,  and  all  I  feel  at  present  disposed  to  admit 
is,  that  thoae  more  circular  shapes  with  a  narrow  area  may  be  varieties  of  the 
C.  cotnoide^.  No  difference  in  external  striation  appears  to  exist,  nor  are  all  the 
examples  circular,  which  is  proved  by  my  figs.  2  and  6.  I  need  hardly  recall  to  the 
reader's  memory  how  much  some  individuals  of  one  tpecies  vary  in  shape,  soma 
being  wide,  others  elongated,  depressed,  or  gibbose,  with  a  large  or  narrow  area,— 
circumsunces  often  due  (o  hablut  or  other  physical  conditions,  forming  innumeiable 
varieties  of  a  single  species ;  but,  since  a  difference  of  opinion  to  that  advocated  in 
this  paper  has  been  expressed,  the  sut^ect  may  be  considered  unsettled  and  worthy 
of  the  notice  of  palseontologists. — [Jan.  6,  1854.] 

p2 


Digitized  by 


Google 


206  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.  [DfC.  14, 

On  the  Continent  it  was  found  at  Vis^  by  M.  de  Koninck ;  on 
the  banks  of  TYlytsch  in  the  Ural,  by  Count  Keyserling ;  it  also 
occurs  near  Switschei,  and  at  Sabl^  in  France. 


EXPLANATION  OF  PLATE  VIII. 
lUuitrative  of  the  Structure  of  the  Shell-Valves  of  Chonetet  and  Productus. 

Fig.  1.  Chonetes  comoides  (Exterior),  from  a  very  remarkable  and  ty|Mcal 
specimen  belonging  to  the  Bristol  Institution  Museum.  In  this 
example  the  double  area,  trUobed  cardinal  process,  wad  fissure  are 
largely  developed :  on  the  ventral  area  may  be  obsenrei  a  series 
of  narrow  diagonal  concave  striae,  which  diminish  both  in  size  and 
distance  as  they  approach  the  beak,  and  are  similar  to  those  already 
noticed  by  Count  KeyserUne  in  his  Russian  examples. 

Fig.  2.  Exterior  or  another  individuiJ,  showing  the  concave  dorsal  vahe. 
The  double  area  in  this  example  is  much  less  developed  than  in 
fig.  1,  but  exhibits  a  simUar  cardinal  process  and  fissures  (the 
margin  has  been  slightly  restored  on  one  side).  From  the  hme- 
stone  quarries  under  Treflach  Wood  atTrefonen,  S.W.  of  Oswestry, 
Salop.  This,  as  well  as  figs.  3,  4,  5,  6,  /, and  8,  are  drawn  from 
specimens  discovered  by  and  belongine  to  the  Collection  of 
Mr.  O.  W.  Ormerod  of  Manchester,  and  are  remded  by  Mr. 
D.  Shaipe  as  specifically  distinct  from  fig.  1 ;  but  I  feel  disposed 
to  consider  them  as  only  varieties  of  C  comoides. 

Fig.  3.  Exterior  of  the  ventral  valve.    Same  specimen  as  fiff .  2. 

Fig.  4.  A  vertical  section  of  the  Chonetes,  supposed  to  have  been  cut  longi- 
tudinally through  the  middle,  exhibiting  the  comparative  thidi- 
ness  of  the  valves,  as  well  as  the  remaining  free  space  occupied 
by  the  animal. 

Fig.  5.  A  Mgment,  exemplifying  the  great  disproportional  thickness  of 
the  valves;  aloi^  the  weathered  section  of  the  ventral  vahe 
may  be  distinctly  traced  successive  layers  of  shell.  This  specimen 
is  m>m  Tidenham  Chase  (Gloucestershire),  near  Chepstow. 

Fig.  6.  Interior  of  the  ventral  valve  of  a  broad  specimen :  (T)  teeth ;  (A) 
(uic^^or muscle;  (C)  cardinal  muscles.  This  beautiful  specimen 
was  discovered  on  the  beach  at  Beaumaris  by  Mr.  Henry  Onoe- 
rod.    (The  margin  has  been  sliehtly  restored.) 

Fig.  7'  A  small,  almost  circular,  example  of  the  ventral  vahe,  showing 
the  interior.  This  is  figured  to  show  an  unusual  development  (if 
the  central  septum.  From  the  same  locahty  as  figs.  2,  3.  (The 
specimen  is  much  damaged  at  the  beak.) 

Fig.  8.  A  circular  example  of  the  ventral  valve.  This  specimen  is  similsr 
(although  more  perfect)  to  those  from  Llanymynech  in  the  So- 
ciel^s  Museum.  It  is  from  the  same  locahty  as  figs.  2,  3. 

Fig.  9.  Interior  of  the  ventral  valve  of  a  Productus,  perluips  giganteus, 
from  a  remarkably  beautifrd  and  perfect  example  belonging  to 
the  Bristol  Institution  Museum,  ana  figured  here  to  show  the  dif- 
ference in  the  shape  of  the  muscular  scars  compared  with  those 
of  Chonetes, 

Fig.  10.  Interior  of  the  ventral  valve  of  Productus  horridus. 

Fig.  11.  Interior  of  the  dorsal  valve  of  Productus  longispinus,  to  serve  for 
comparison  with  fig.  13,  in  which  the  same  cnaracteristic  reni- 
form  impressions  ( Y),  supposed  to  be  vascular,  may  be  noticed. 

Fig.  12.  Interior  of  the  ventral  valve  of  a  new  species  of  Chonetes  from  the 
Devonian  beds  of  N^ou,  in  France ;  exhibiting  cardinal  spines 
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and  muscular  impressions  somewhat  similar  in  shape  and  position 
to  those  observable  in  the  same  valve  of  C.  amoides, 
P^.  13.  Interior  of  the  dorsal  valve  of  the  same  Chonetes  (fig.  12).     Re- 
mform  impressions  (V)  similar  in  character  to  those  of  Productus, 
but  not  to  those  of  Leptana, 


3.  On  a  Fossil  imbedded  in  a  mass  of  Pictou  Coal,  from  Nova 
Scotia.     By  Professor  Owen,  F.R.S.,  V.P.G.S.  &c. 

[Plate  IX.] 

The  fossil  imbedded  in  the  mass  of  Pictou  Coal,  from  Nova  Scotia, 
submitted  to  my  inspection  by  the  President  of  the  Geological 
Society,  consists  of  the  anterior  extremity  of  the  cranium  and  upper 
jaw,  with  the  exterior  of  the  bone  imbedded  in  the  matrix,  and  its 
substance,  for  the  most  part,  reduced  to  a  thin  layer  by  abrasion  of 
the  exposed  inner  surface  (see  Plate  IX.).  It  displays  accurately  the 
contour  of  the  fore-part  of  the  upper  jaw,  which  was  broad,  obtuse, 
and  rounded  :  and  some  portions  of  the  bone,  with  the  inner  surface 
entire,  prove  this  part  of  the  cranium  to  have  been  broad,  flat,  and 
of  very  little  depth  or  vertical  diameter. 

The  parts  preserved  include  the  premaxillaries,  2%  nasals,  is,  and 
portions  of  the  frontal,  11,  prefrontal,  u,  and  maxillary,  ti,  bones, 
the  proportions  and  connexions  of  which  best  agree  with  those  in  the 
skuU  of  the  Capitosaurus, — a  Labyrinthodont  Batrachian,  from  the 
Banter  sandstone  of  Bembure. 

The  premaxillaries,  which  snow  some  obscure  traces  of  a  symphy- 
sial  suture  at  the  median  line,  anterior  to  the  nasal  or  naso-palatine 
vacuities,  extend  outwards,  on  each  side,  for  an  extent  of  2^  inches, 
and  there  join  the  maxillaries.  Traces  of  round  alveoli  for  teeth,  some 
of  which  are  2  lines  in  diameter,  are  visible  on  the  alveolar  border 
of  the  premaxillaries.  The  alveolar  border  is  continued,  by  the 
maxillaiy  bone,  for  an  extent  of  41  inches  beyond  the  premaxillaries ; 
and  this  border  shows  still  more  distinct  traces  of  alveoli,  of  a  circular 
form,  about  a  line  in  diameter,  and  rather  closely  set  in  a  smgle  series. 
The  fore-part  of  the  orbit  is  very  unequivocally  displayed,  the  smooth 
under  or  inner  surface  of  the  bone  forming  that  part  being  entire ; 
and  this  shows  the  fore-part  of  the  orbit  to  be  formed,  partly  by  the 
maxillary,  partly  by  a  lacrynud  or  prefrontal  bone  in  close  sutural 
union  therewith, — a  structure  which  does  not  exist,  to  my  knowledge, 
in  any  recent  or  fossil  fish  with  a  dentigerous  superior  maxillary  bone. 
Where  the  substance  of  the  bone  has  been  detacned  so  far  as  to  expose 
the  exterior  layer  in  contact  with  the  coal,  as  e.  g,  on  the  frontal  and 
part  of  the  prefrontal  bones,  the  exterior  surface  of  those  bones  is 
shown  to  have  been  impressed  by  subhemispheric,  or  elliptical  pits, 
from  1  line  to  li  line  m  diameter,  and  with  intervals  or  half  that 
extent :  and  this  coarsely  pitted  character  agrees  with  that  presented 
by  the  outer  surface  of  tne  similarly  broad  and  fiat  crania  of  the 
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liabyrinthodont  Batrachia,  e.  g.  TrematoMurus,  Cf^to$auruSy  and 
Labyrinthodon  proper.  The  evidence  of  this  structure  presented  by 
the  tubercles  of  carbonaceous  matter  that  filled  the  depressions  in  the  ' 
bone,  is  at  the  same  time  evidence  of  the  pulpy  or  plastic  state  of 
the  carbonaceous  matter  when  it  made  the  cast  of  the  sculntured 
outer  surface  of  the  cranium,  which  surface  it  now  shows  in  relief. 

A  small  microscopic  section  of  the  osseous  tissue,  which  Mr. 
Quekett  has  had  the  kindness  to  prepare,  shows  very  distinct  and 
well-defined  bone-corpuscles  or  cells,  of  an  elliptic  or  oval  figure, 
scattered  throughout  the  tissue,  at  distances  of  from  one  to  two  or 
three  of  their  own  long  diameters :  without  any  appearance,  in  the 
section  prepared,  of  vascular  canals.  The  size  of  these  bone-cells  is 
less  than  those  in  the  Batrachian  reptile  discovered  by  Sir  Charles 
Lyell  and  Mr.  Dawson  in  the  South  Joggins  coal-field  of  Nova  Scotia*, 
and  corresponds  with  those  in  some  of  the  larger  Sauria,  as  e.  g,  the 
Meffaloaaurus,  Neither  Mr.  Quekett  nor  I  have  yet  met  with  any 
fish-bone  recent  or  fossil,  which  shows  a  microscopic  structure  like 
that  of  the  fossil  in  question  from  Pictou  coal. 

From  the  characters  above  specified,  therefore,  I  conclude  that  this 
fossil  is  the  fore-part  of  the  skull  of  a  Sauroid  Batrachian,  of  the 
extinct  family  of  the  Labyrinthodonts.  It  agrees  with  them  in  the 
number,  size,  and  disposition  of  the  teeth ;  in  the  proportions  and 
mode  of  connexion  of  the  premaxillaries,  maxillanes,  nasals,  pre- 
frontals, and  frontals ;  and  in  the  resultant  pecuharly  broad  and 
depressed  character  of  the  skull.  The  traces  of  the  nostrils  are  less 
definite  and  satisfactory  than  the  remains  of  the  orbits;  but  the 
latter  appear  to  me  to  be  decisive  against  the  piscine  nature  of  the 
fossil.  The  fossil  also  presents  the  same  well-marked  external  sculp- 
turing as  in  the  Labyrinthodonts;  and  amongst  the  genera  that  have 
been  established  in  that  family,  the  form  of  the  end  of  the  muzzle, 
or  upper  jaw,  in  the  Pictou  coal  specimen  best  accords  with  that  in 
the  Capitosaurus  and  Metopias  of  Von  Meyer  and  Burmeister. 
I^The  orbits  have  been  evidently  larger  and  of  a  different  form  than 
m  the  reptiles  so  called ;  and,  for  the  convenience  of  distinction  and 
reference,  I  propose  to  name  the  present  fossil  Baphetes  planicept 
(fiawTbt,  I  dip  or  dive),  in  reference  to  the  depth  of  its  position,  its 
probable  divmg  habits,  and  the  shape  of  its  head. — Feb.  25,  1854.] 


4.  On  the  Tracks  of  a  Crustacean  in  the  "  Lingula  Flags." 
By  J.  W.  Salter,  F.G.S.,  A.L.S.,  of  the  Geological  Survey  of 
Great  Britain. 

While  investigating  in  the  past  autumn  the  fossil  contents  of  the 
lowest  fossiliferous  zone  in  Wales — the  "  Lingula  flags  " — my  atten- 

*  See  Qtttrt.  Joom.  Geol.  Soc.  vol.  ix.  pi.  3.  fig.  8. 
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tipn  was  frequently  directed  to  very  numerous  evidences  of  the  ex- 
istence of  marine  worms  during  the  formation  of  these  ancient  de- 
posits. 

Nearly  all  the  sandy  and  ripple-marked  surfaces  present  worm- 
tracks,  whether  in  the  higher  or  lower  division  of  these  strata,  and 
in  all  the  localities  visited  :  viz.  the  elevated  country  between  Arenig 
tnd  Ffestiniog,  the  vale  of  Ffestiniog  itself,  and  the  valley  of  Tre- 
madoc  in  Caernarvonshire. 

The  latter  locality,  besides  exhibiting  a  very  complete  section  of 
the  whole  series  of  these  ancient  rocks,  exposes  particularly  well  the 
lower  or  lower  middle  portion,  in  which  onlv  the  Lingula  Davmi  is 
found  in  any  great  abundance,  but  in  which  the  Hymenocaris  ver^ 
wneoMda  also  occurs.  The  latter  fossil,  a  crustacean  of  the  phyllopod 
tribe,  was  described  by  me  in  the  *  Reports  of  the  Sections  of  the 
British  Association'  for  1852.  About  a  mile  and  a  half  west  of 
Tremadoc,  the  Lingula  beds  are  well  exposed ;  and  along  the  road 
to  Criccieth,  and  on  the  bye-roads  near  Penmorfa,  they  are  loaded 
with  the  Lingula ; — just  above  Penmorfa  church  the  beds  are  parti- 
cularly rich  in  this  fossil.  At  the  village  of  Y-Felin-Newvda,  the 
sandy  surfaces  are  seen  to  be  broadly  ripple-marked ;  and  the  beds, 
alternately  of  coarse  and  fine  materials — many  different  layers  often 
occurring  in  the  space  of  an  inch, — have  quite  the  appearance  of  having 
been  accumulated  near  shore,  or  at  least  in  shallow  water.  The 
sandstone  is  highly  micaceous  in  parts,  often  very  fine-grained, 
generally  flinty  and  of  a  flag-like  character,  and,  though  not  at  all 
cleaved,  it  exhibits  everywhere  proofs  of  movements  which  have  com- 
pressed the  beds  laterally  and  plaited  their  surfaces  in  a  remarkable 
manner.  On  one  of  the  sandy  surfaces,  obscurely  and  broadly  ripple- 
marked,  were  a  number  of  short  parallel  linear  impressions,  arranged 
in  several  transverse  curved  series,  and  of  such  a  uniform  size  and 
character  that  it  was  plain  they  were  the  marks  made  in  succession  by 
the  same  animal.     (See  figure,  p.  210.) 

The  space  on  the  slab  which  these  impressions  occupy  is  more  than 
a  foot  m  length ;  and  there  are  five  or  six  distinct  sets  of  indentations, 
each  set  3  or  4  inches  in  extent,  and  with  a  curved  outline,  the 
broadest  end  of  each  impression  being  towards  the  outer  side  of  the 
curve.  The  indentations  themselves  are  more  than  half  an  inch  long, 
and  half  a  line  wide ;  abrupt  and  broad  at  their  anterior  end,  and 
tapering  backwards  to  a  point.  They  are  almost  always  a  little 
curved,  and  are  distant  from  one  anotner  a  quarter  of  an  inch, — in 
some  cases  rather  less,  in  others  more.  Intermixed  with  these,  which 
seem  to  have  been  the  successive  tracks  of  one  lareer  animal,  are 
numerous  similar  series  of  much  smaller  size,  and  also  man^  single 
indents  not  placed  in  the  regular  transverse  curves  before  noticed. 

That  these  are  not  the  tracks  of  marine  worms  is  at  once  evident 
from  their  arrangement  in  regular  series,  and  from  their  each  tapering 
backwards,  as  well  as  lying  parallel  to  each  other.  The  section  of 
each  indent  is  subtriangular,  so  that  it  was  probably  made  by  some 
sharp  instrument ;  and  their  shape  tapering  backwards  and  position 
in  parallel  series  indicate  a  rapid  movement,  such  as  would  be  given 
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by  the  spinous  feet  or  abdomen  of  some  crustaceoos  animal.  As  there 
is  every  reason  to  believe  that  Trilobites  had  soft  feet,  they  could  not 
have  made  such  indentations  with  these  instruments,  and  as  the 
only  species  known  in  these  beds — the  0lenu9  micrurus — ^had  an 
obtuse  rounded  tail,  it  could  not  have  made  the  marks  with  that. 
We  must  look  then  to  the  possibility  of  their  having  been  made  by 


the  Hymenocarisy  a  shrimp-like  animal,  whose  abdomen  does  poss 
the  requisite  sharp  prongs  at  its  extremity,  having  in  particular  one 
large  spine  which  seems  to  be  exactly  the  instrument  fitted  for  the 
purpose.  It  is  well  known,  that,  when  in  rapid  or  violent  movement, 
the  Crustacea  can  strike  vigorously  with  the  abdomen,  and  so  gain  the 
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impetus  necessary  for  adyancing  or  retreating.  And  there  is  so  much 
resemblance  between  these  indented  tracks,  and  those  produced  by  the 
common  Shrimp  at  ebb-tides,  that  the  obsenrer  cannot  help  suspect- 
ing them  to  have  been  produced  by  this*, — perhaps,  the  oldest  of 
crustaceans,  in  its  movements  along  the  bottom,  or  (what  is  more 
probable)  over  the  sand  at  the  extreme  edge  of  the  waves. 

The  smaller  marks  were  of  course  made  by  younger  individuals  of 
the  species,  whatever  that  may  have  been.  But  why  should  the  in- 
dentations be  parallel  and  arranged  in  transverse  curved  lines  ? 

This  question  leads  to  the  consideration  of  the  circumstances  under 
which  these  beds  were  accumulated,  because,  if  under  a  sufficient 
depth  of  water  to  be  out  of  reach  of  the  tide,  there  seems  no  rea- 
son why  the  HymenocarU  should  not  have  advanced  in  a  straight 
direction ;  or,  if  agitated,  why  there  should  be  any  regularity  in  the 
indentations.  I  have  already  said,  that  the  alternating  coarse  and 
fine  materials  of  the  sandy  and  micaceous  beds  indicate  shallow  water, 
a  conclusion  which  is,  I  think,  borne  out  by  the  occurrence  of  patches 
of  drifted  sand  and  broken  shells  on  the  strata  in  some  neighbour- 
ing localities  (for  instance,  in  the  quarry  at  the  entrance  to  Y-wem). 
I  would  now  go  further,  and  suggest  that  we  have  here  probable 
evidence  of  a  flat  shore,  and  of  an  ebbing  tide  against  which  the  crea- 
ture was  striving  to  advance,  and  by  keeping  along  the  water's  edge 
as  the  wave  retired,  it  wbuld  necessarily  produce  a  series  of  parallel 
indents  along  the  curved  edge.  Such  an  explanation  would  account 
for  the  accurate  preservation  of  all  these  minute  impressions  in  their 
original  sharpness  ;  because  the  surface  would  be  dried  before  it  was 
again  covered  by  fresh  sand.  I  may  remark  that  these  indentations 
are  common  in  the  neighbourhooa  on  similar  surfaces,  and  with 
anneiide  tracks  accompanying  them.  But  I  only  met  with  this  in- 
stance of  their  regular  arrangement. 


January  4,  1854. 

Charles  Moore,  Esq.,  Robert  Hunt,  Esq.,  R.  Hall,  Esq.,  Dr.  J. 
Hobbins,  and  E.  S.  Jackson,  Esq.,  A.M.,  were  elected  Fellows. 

The  following  communications  were  read : — 

1.  On  the  Superior  Limits  of  the  Glacial  Deposits  in  the  Islk 
OF  Man.  By  the  Rev.  J.  G.  Gumming,  M.A.,  F.G.S.,  Vice- 
Principal  of  King  William  College,  Isle  of  Man. 

In  a  paper,  read  before  this  Society  on  the  4th  of  February,  1846, 
on  the  Tertiary  Formations  of  the  Isle  of  Manf,  I  detailed  the  position 
and  relations  to  each  other  of  certain  pleistocene  accumulations,  which 

*  Thi«  it  rendered  still  more  probable  by  the  fact,  that  the  Hymenocarii  it 
found  at  Tremadoc,  but  the  Okmu  has  not  yet  been  discovered  there, 
t  Quart.  Joum.  Geol  Soc.  vol.  ii.  p.  317  ;  urith  maps  and  sections. 
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I  classed  under  the  heads  of, — Ist.  Boulder-clay,  and  erratic  blocks ; 
2nd.  Diluyium ;  3rd.  Drifi-gravel ;  and  4th.  AUuvium. 

In  a  subsequent  paper,  r^  before  this  Society  on  January  6th, 

1847,  on  the  Geology  of  the  Calf  of  Man*,  I  sUted  that  I  felt 
inclined  to  remove  to  the  division  of  Boulder-day  a  large  portion  of 
the  accumulations  which  I  had  classed  under  the  head  of  "  dilu- 
vium," confining  this  term  to  those  masses  of  insular  granite 
and  detritus  which  had  been  carried  from  their  original  position 
to  hieher  localities,  and,  as  I  then  presumed,  by  violent  diluvial  or 
cataclysmal  action.  I  thought  it  impossible  that  any  ordinary  action 
of  iceberes  could  elevate  to  a  heieht  of  upwards  of  600  feet  (and 
that  within  a  distance  of  a  mile  and  a  half  from  their  parent  source) 
such  immense  quantities  of  granite  and  other  rocks  which  I  traced 
to  the  very  summits,  and  abundantly  on  the  other  side  of  our  highest 
southern  mountains.  In  the  same  paper  I  stated  my  conviction  thai 
the  sesrbottom  of  the  glacial  period  had  in  this  neighbourhood  been 
depressed  and  raised  again  to  an  extent  of  not  less  than  400  feet. 

Mr.  Darwin  in  his  paper  *'  On  the  Transportal  of  Erratic  Boulders 
from  a  lower  to  a  higher  level,  read  before  this  Societvf  on  April  1 9th, 

1848,  in  commenting  on  these  facts,  (which  I  had  also  more  fully 
detailed  in  my  '  History  of  the  Isle  of  Man,'  published  that  same 
year,)  has  shown  how,  by  presuming  a  slow  sul^dence  of  the  land, 
through  a  lengthened  period,  the  agency  of  ice  could  be  effectual  to 
the  producing  these  singular  phsenomena  without  necessarily  calling 
in  aid  any  violent  cataclysm. 

A  further  and  closer  examination  of  the  locality  convinces  me 
of  the  soundness  of  Mr.  Darwin's  views,  and  that  a  gradual  submer- 
gence took  place  of  the  Isle  of  Man  to  an  extent  of  not  only  400, 
but  at  least  1600  feet. 

I  shall  very  briefly  draw  attention  in  this  paper  to  some  of  the 
evidences  of  tne  ^at  probabilities  of  this  hypothesis  as  presented  to 
us  in  the  Isle  of  Man. 

I  should  premise,  that  I  consider  all  the  appearances  of  the  true  ^ 
boulder-clay  (t.^-.  clay  or  loam  imbedding  scratched  rocks  and 
boulders  principally ,)  as  pointing  to  a  sinking  condition  of  the  land ; 
for,  as  proposed  in  my  paper  "On  the  Tertiaries  of  the  Moray  FirthJ," 
read  April  18th,  1849,  "  the  venr  circumstance,  of  the  rocks  mas 
well  as  under  the  boulder-clay  being  grooved  and  polished,  is  in 
itself  a  strong  evidence  of  subsidence ;  the  grooving  must  have  taken 
place  prior  to  the  covering  up  of  the  fundamental  rock ;  and  the 
same  must  be  true  of  each  successive  fragment  in  the  superior  mass." 

I  consider,  at  any  rate,  this  hypothesis  as  presenting  as  simple 
a  solution  of  the  facts  as  the  supposition  of  a  mud-glacier  sliding 
forward  over  itself  through  several  miles  of  country  and  over  every 
irregularity  of  ground, 

I  would  observe  that  there  was  a  period,  prior  to  the  subsidence 
and  emergence  of  which  I  am  about  to  speak,  when  the  Isle  of  Man 


X 


*  Quart.  Joum.  GeoL  Soc.  vol.  iii.  p.  1 79 ;  with  seetiona. 
t  Quart.  Journ.  Geol.  Soc.  vol.  iv.  p.  315. 
X  Quart  Joum.  Geol.  Soc  toI.  vi.  p.  10. 
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presented  (if  we  except  the  northern  area 
consisting  wholly  of  pleistocene  deposits  to 
the  extent  of  50  square  miles)  the  general 
outline  which  it  now  does.  At  what  period 
the  great  denudation  took  place  which  planed 
down  to  the  same  level  t)oth  sides  of  ex- 
tensive  faults  which  took  place  in  the  older 
strata  subsequent  to  the  deposit  of  the  car- 
boniferous series,  we  have  no  distinct  evi- 
dence. The  boulder  day  consists,  in  greatest 
part,  of  materials  derived  from  the  older 
rocks  in  the  immediate  neighbourhood,  as  I 
have  before  pointed  out;  and  it  Hes  right 
across  the  faults  which  have  been  so  denuded 
and  planed  down  evenly  on  both  sides*. 

Over  the  whole  of  the  southern  area  of  the 
Isle  of  Man,  wherever  the  hmestone  is  un- 
covered, glacial  groovings  and  scratches  are 
distinct ;  their  general  direction  being  very 
nearly  magnetic  east  and  west,  i.  e.  from  w . 
59°  E.  to  S.  59°  W.  by  meridian,  and  quite 
independent  of  the  dip  of  the  hmestone-beds. 
The  scratchings  extend  down  to  the  present 
high-water-line ;  and  even  below  it,  wherever 
they  have  been  protected  by  the  stiflp  clay 
from  the  present  action  of  the  sea. 

I  would  direct  particular  attention  to  the 

Satch  of  limestone  existing  between  Port  St. 
f  ary  and  Perwick  Bay,  of  about  60  acres  in 
extent.  The  general  dip  of  the  beds  is  from 
the  fault  which  runs  nearly  magnetic  east  and 
west ;  and  the  regular  groovings  are  in  the 
direction  of  this  fault ;  but  there  are  frequent 
minor  cross  scratchings  which  vary  several 
degrees  from  this  general  direction.  This  ap- 
pears to  me  to  be  attributable  to  the  action 
of  shore-ice. 

There  are  also  appearances  as  if  the 
boulder-clay  had  been  forced  violently 
amongst  the  different  beds  of  the  limestone ; 
and  fragments  of  the  latter  are  torn  up  and 
carried  forward ;  and  these  remain  angular 
though  much  scratched,  at  no  great  distance 
in  the  mass  of  clay  which  now  covers  up  the 
limestone-beds.  (See  section.) 
i  A  section  of  400  feet  in  length,  which 
i,  I  have  made  in  a  direction  east  and  west  by 

I       *  See  nections  and  maps  of  the  papers  above  re- 
ferred to. 
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the  meridiaD,  well  displajrs  this  phaenomenon  and  the  general  ip- 
pearance  of  the  overlying  deposits. 

To  the  south-westward  of  this  district  the  country  presents  to  the 
sea  a  perpendicular  wall,  rising  at  Spanish  Head  to  a  height  of  300 
feet. 

The  great  drifl-current  would  pass  along  the  face  of  this  mH, 
and  no  douht  would  originally  mark  it  with  groovings.  But  as  the 
groorings  would  be  in  the  strike  of  the  bedding  of  the  day-schist,  it 
would  be  difficult  to  separate  them  from  the  hues  of  bedding;  md 
they  would  be  greatly  efiaced  by  the  action  of  the  sea  at  the  snhse- 
quent  upheaval.  Indeed  a  large  portion  of  this  diff  has  fallen,  ind 
other  portions  annually  fall  into  the  sea. 

But  all  the  way  on  the  face  of  the  mountain  to  the  westward  of 
Port  of  St.  Mary,  we  have  accumulations  of  the  boulder-day  Teiy 
distinctly,  up  to  a  height  of  400  feet.  Then,  at  a  height  of  460  fcft 
above  high  water,  we  have,  on  the  surface  of  the  rock,  a  couple  of 
hundred  yards  from  the  hamlet  of  Creggneese,  by  the  ^oad-8id^ 
distinct  glacial  groovings,  having  a  direction  a  little  more  to  the 
southward  than  those  at  Perwick  Bay;  but  tiiis  direction  the  drifting- 
current  would  be  compelled  to  take  in  passing  through  the  slight 
depression  which  exists  between  the  highest  point  of  the  Mull  Hilli 
and  the  point  which  lies  to  the  eastward,  in  Uie  direction  of  Spanish 
Head.  The  highest  point  of  the  Mull  Hills  is  500  feet  above  the 
level  of  the  sea. 

If  we  pass  over  northward  to  the  mountain-range  extending  from 
Brada  Head  to  South  Barrule,  we  find  the  whole  of  the  eastern  fece, 
to  a  height  of  800  feet,  covered  with  patches  of  the  boulder-daj 
deposits,  which  remain  wherever  they  have  been  protected  from  the 
action  of  the  sea  during  the  subsequent  upheaval.  These  abound 
chiefly  in  boulders  of  the  South  Barrule  granite,  mixed  with  quarts 
and  fragments  of  the  clay-schist.  Above  this  Uirit  we  find  very  Uttle 
day,  but  immense  quantities  of  boulders  lie  both  on  the  eastern  and 
western  side  of  the  mountain,  up  to  the  very  summit,  though  de- 
creasing very  fast  the  higher  we  ascend. 

The  summit  of  South  Barrule  is  1 595  feet  above  the  sea.  To  this 
depth,  therefore,  at  least,  the  submergence  would  appear  to  have  taken 
place. 

We  have  few  mountains  on  the  Island  whose  summits  are  much 
higher  than  this,  though  Snea-fell  reaches  a  trifle  over  2000  feet. 
There  is  good  reason  to  believe  that  they  were  all  submerged,  though 
I  have  not  distinct  proof  of  a  similar  kind  to  that  which  we  find  on 
South  Barrule.  The  presumption  arises  from  the  character  of  the 
Insular  Flora,  destitute  as  it  is  of  the  plants  of  the  true  Scan- 
dinavian type,  as  compared  with  the  flora  of  th*e  opposite  Cumber- 
land Mountains. 

With  regard  to  the  nature  of  the  emergence,  my  impression  is 
that  it  was  also  of  a  quiet  and  continuous  character.  The  proofs  of 
this  seem  to  lie  in  the  drcumstance,  to  be  observed  here  (as  in  tlie 
case  of  the  parallel  roads  of  Glen  Roy  and  the  neighbouring  Cale- 
donian Valleys),  of  terraces  being  found  at  the  same  level  as  con- 
tiguous mountain-passes. 
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This  may  be  particularly  noted  in  passing  into  Fleshwick  Bay  from 
Rushen  Church,  and  in  the  terrace  extending  between  Port  St.  Marpr 
and  Port  Erin.  Another  argument  in  favour  of  this  hjrpothesis  is 
found  in  the  entire  absence  of  any  water-worn  caves  at  any  great 
height  above  the  present  level  of  the  sea. 

I  believe  that  the  re-elevation  was  of  such  an  extent  as  to  lay  dry 
the  whole  area  of  the  Irish  sea,  and  thus  to  connect  the  Isle  of  Man 
with  the  surrounding  countries,  and  these  countries  with  each  other. 

Over  the  plain,  so  formed,  the  Megacero9  Hibemicus  immigrated 
into  these  regions,  as  we  find  its  remains  buried  in  freshwater  deposits 
which  were  formed  in  depressions  of  the  drift-gravel  terrace. 

There  was,  however,  a  subsequent  period  of  subsidence  to  a  partial 
extent,  and  then  a  stationary  period,  which  is  indicated  both  by  the 
peat  excavations  in  the  drift-gravel  made  by  the  sea  at  a  higher 
level  than  at  present,  and  also  by  the  presence  of  deep  water-worn 
caves  at  the  height  of  about  1 2  feet  above  the  present  sea-level. 


2.  On  the  Geology  o/"  Rainy  Lake,  South  Hudson  Bay. 
By  Dr.  J.  J.  Bigsby,  F.G.S.,  &c. 

[Plitc  X.] 

Geographical  position,  &c. — Rainy  Lake,  or  Lake  Lapluie,  is 
placed  on  the  great  commercial  route  from  Canada  to  Prince  Rupert* s 
Land  and  the  north-west  fur  countries. 

It  is  225  miles  west  of  Lake  Superior,  and  85  miles  south-east  of 
the  Lake  of  the  Woods*,  from  the  head  of  Rainy  River;  but  at 
Nahcatchewonan  River  it  is  only  37  miles  distant  from  that  lake. 

This  lake,  50  miles  long  by  38^  miles  broad,  is  294  miles  round 
by  canoe-route.  Its  form,  like  that  of  most  bodies  of  water  resting 
on  plutonic  rocks,  is  extremely  irregular,  being  in  three  great  troughs 
(with  deep  lateral  indents),  one  of  these  running  easterly,  and  the 
other  two  in  a  northerly  direction.     See  Map,  Plate  X. 

The  immediate  shores  are  usually  low,  rarely  cliffs  or  earthy 
banks  ;  but  they  rise  in  sha).eless  masses  of  rock,  often  naked,  with 
broad  marshy  intervab ;  or  in  ridges,  which  become  hills  300-500 
feet  hi^h  at  distances  from  the  lake  varying  from  half  a  mile  to 
four  miles. 

The  low  grounds  are  well  covered  with  small  trees,  such  as  ar^ 
common  in  these  regions,  and  the  higher  abound  in  Faccinea  and 
other  useful  fruit-bearing  bushes. 

Rainy  Lake  is  1160  feet  above  the  level  of  the  sea,  according  to 
Capt.  Lefroy.  Its  water  is  pure  and  clear,  but  seldom  deep,  and 
the  spring-freshets  rise  to  the  height  of  from  3  to  5  feet.  Its 
magnetic  variation  is  10°- 12^  £. 

We  counted  516  islands;  but  there  are  more.  They  are  mostly 
small  and  marshy ;  and  never  exceed  four  miles  in  length. 

*  Quart.  Jouro.  Geol.  Soc.  vol.  viii.  p.  400,  and  pi.  xxii. 
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The  map  (hitherto  unpahlished)  whidi  accompanies  thb  pq)er  is 
taken  from  the  archires  of  the  Canadian  Boondaiy  CommisaioD, 
whose  sonreyors  I  accompanied  in  their  circumnaTigation  of  this 
lake.  While  thej  were  employed  on  its  topogn^ihj,  I  attended  to 
its  geology. 

Geological  conditions. — The  geology  of  Rainy  Lake  is  wdl 
worth  a  short  bat  careinl  notice,  becanse  it  continues  north-easterly, 
into  a  country  rarely  visited,  the  investigations  of  Dr.  Norwood,  dt 
Dr.  Dale  Owen's  party  of  geological  surveyors,  who  worked  to  the 
north-east  from  the  h^-waters  of  the  Miwissippi.  Professor  Keat- 
ing (Long's  Expedition)  and  Dr.  Norwood  paued  along  the  south 
shore  only  of  this  Uke,  and  their  observations  are  oontai^  in  a  few 
lines'^. 

The  geology  of  this  body  of  water  may  be  summed  up  in  the 
following  words.  Chloritic  and  greenstone  slates,  gneiss  and  mica- 
slate,  in  proportional  quantities  in  the  order  here  set  down,  seem 
once  to  have  occupied  the  lake-basin,  with  an  E.N.E.  strike,  aud  a 
N.N.W.  dip,  at  a  high  angle  usually.  But  subsequently  a  very 
extensive  outburst  of  mni^>  with  some  syenite,  has  taken  place,  to  tfaie 
great  disturbance  of  me  stratified  rocks,  and  penetrating  them  both  in 
intercalations  and  crosswise.  These  intrusive  rocks  occupy  a  very 
large  portion  of  the  lake ;  most  of  the  western  shore,  nearlv  all  the 
eastern  trough  or  arm,  and  much  of  the  east  end  of  the  bike  about 
Stokes  and  Hale  Bays  ;  as  will  be  best  seen  by  referring  to  the  Map. 

Near  the  head  of  Raiuy  River,  there  are  vestiges  of  an  Upper 
Silurian  limestone,  which  will  be  mentioned  in  the  sequel. 

The  whole  of  Rainy  Lake  may  (solely  for  the  convenience  of 
description  and  reference)  be  distributed  into  six  parts,  in  the  order 
of  our  voyage  round  it;  each  having  its  own  ecological  characteristic. 

The  first  includes  the  whole  west  side  of  the  lake  from  Rainy 
River  to  Manitou  River,  and  round  to  Cape  Chamberlin.  The 
second  takes  in  the  interval  of  thirty-six  miles  between  Cape  Cham- 
berlin and  Cape  Bayfield. 

The  third  embraces  the  whole  eastern  arm, — ^the  eight  miles  sonth 
of  Point  Lyon  excepted. 

The  fourth  occupies  fifty-two  miles  of  coast  by  Barclay  and  Seine 
Bays,  easterly  to  near  Point  Franklin. 

The  fifth  includes  the  whole  south-eastern  end  of  the  lake,  a  coast- 
line sixty  miles  long,  and  having  Point  Franklin  and  Maypole  Island 
as  its  western  limits. 

The  sixth  portion  takes  in  the  south  shore  from  Maypole  Island 
to  Rainy  River. 

First  Division  of  the  Lake  Shore. — The  first  of  these  portions 
or  divisions  (west  shore),  with  the  exception  of  a  small  district 
of  greenstone  slate  at  the  south  angle  of  Peche  Bay,  running  ob- 
scurely E.N.E.,  is  mainly  occupied  bv  granite ;  this  is  coarse  in  grain 
and  grey  about  Peche  Bav,  but  north  of  Otter  Point  the  prevailing 
colour,  especially  in  Mamtou  Sound,  is  white,  from  that  of  its  three 

*  See  Dr.  D.  Owen*!  Report  of  a  Geological  Snnrey  of  M'isGODiin,  Iowa,  and 
Minnetota,  &c.    4to.  Philadelphia,  1852. 
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constituents.  In  patches  we  find  it  of  a  pale  salmon  tint,  from  the 
colour  of  its  felspar.  In  the  northern  parts  of  this  shore  it  is  finely 
granular  and  porphyritic,  in  equal  quantities.  At  the  River  Nahcat- 
chewonan,  the  granite  cannot  be  distinguished  from  that  of  Gravel 
Point  and  other  districts  in  the  Lake  of  the  Woods,  about  forty 
miles  distant  on  the  W.N.W.  The  northern  half  of  this  western 
shore  is  for  the  most  part  a  perfectly  naked^  bleached  rock. 

In  Peche  and  Otter  Bays,  and  for  five  or  six  miles  northwardly,  by 
the  admission  of  hornblende  and  other  changes  in  its  constitution,  the 
eranite  becomes  a  syenite,  which,  in  its  turn,  by  patches,  becomes  a 
hornblende-greenstone,  and  even  slaty ;  while  over  the  whole  western 
shore,  in  places  too  numerous  to  designate,  but  occasionally  noted  on 
the  Map,  it  passes  into  gneiss.  Whether  this  is  effected  here  by 
gradual  transition,  I  cannot  say,  but  intercalations  of  these  two 
rocks  are  frequent ;  and  so  is  the  occurrence  of  veins  of  porphyritic 
granite,  traversing  the  gneiss  in  all  directions  without  disturbanuoe  of 
any  kind  (two  miles  N.£.  of  Cape  Jones,  &c.). 

Throughout  this  coast,  round  and  lenticular  masses  of  black  horn- 
blende occur,  both  in  the  granite  and  in  the  gneiss,  from  100  to  300 
yards  in  length,  and  often  ramifying  far  and  near  into  the  containing 
rock  ; — or  it  may  be  interleaved  with  the  gneiss,  as  in  Nahcatche- 
wonan  Bay,  four  miles  west  of  Cape  Jones.  Point  Otter  is  a  headland 
of  this  rock,  250  yards  broad.  It  is  penetrated  from  below  by 
granite,  whose  main  seams  (4-6  yards  broad)  rise  up  perpendicularly, 
but  which  ramify  and  inosculate  very  freely  in  the  smaller  branches. 

On  the  north  side  of  Nahcatchewonan  Bay,  this  black  hornblende 
18  very  abundant;  and  near  Cape  Jones  a  mass  of  it  occurs  in  layers, 
which  open  and  contain  a  large  lenticular  lump  of  crystalline  quarts. 
It  also  abounds  on  the  east  side  of  Manitou  Sound  for  ten  miles 
south  of  Corpse  Island,  and  here  it  passes  conformably  into  a  dark 
gneiss. 

The  strikes  and  dips  of  the  gneiss  are  so  various  as  only  to  be 
understood  from  the  Map,  where  it  will  be  further  seen  that  the 
form  and  direction  of  the  Western  Ann  (twenty-five  miles  long)  and  its 
different  bays  and  inlets  are  greatly  governed  by  the  strat&cadon  ; 
a  remark  which  must  be  extended  to  the  whole  of  Rainy  Lake. 

Second  Division . — The  second  portion,  with  its  winding  shores, 
commences  at  Cape  Chamberlin.  Here  a  total  change  of  rock  takes 
place ;  but  under  what  circumstances,  the  marshy  nature  of  the 
country  prevents  us  from  seeing. 

This  wnole  line  of  coast  (thirty-six  miles)  is  based  on  greenstone-slate 
and  chlorite-slate,  passing  into  each  other  insensibly.  Although  of 
several  shades  of  green  elsewhere,  and  very  fissile,  the  greenstone  of 
Hopkins  and  Indian  Bays  is  black,  very  compact,  and  often  in  such 
broad  strata  (many  yards  across)  as  to  be  aln^ost  massive.  In  this 
state  it  changes  into  syenite,  in  and  near  the  two  bays  just  men- 
tioned, in  spaces  of  a  few  square  miles,  and  is  either  interleaved 
with  die  two  slates  in  broad  seams,  or  is  in  intrusive  masses,  con- 
taining numerous  and  large  imbedded  lumps  of  nearly  pure  hom^ 
blende. 
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The  cblorite-slate  is  well  characterized  by  its  glossy-green  colour, 
unctuous  feel,  and  wavy  or  even  crimped  lamination.  At  the  south 
angle  of  Forbes*  Bay,  a  few  hundred  yards  inland,  these  undulations 
take  on  a  singularly  contorted  form.  It  is  difficult  to  conceive  what 
kind  of  force,  or  combination  of  forces,  could  have  created  the 
regular  succession  of  numerous  waved  zigzags,  seen  at  this  spot,  all 
of  the  same  size  (5  inches  long),  and  ending  suddenly  in  gracefully 
recurrent  sweeps  of  lamination  on  a  much  larger  scale.  At  this 
place,  the  layers  of  the  chlorite-slate  open,  and  contain  irregular 
deposits  many  tons  in  weight,  either  of  hornblende,  or  of  very  white 
crystalline  quartz.  A  little  to  the  west  of  Point  Back  are  veins  of 
chlorite-earth,  a  foot  and  more  thick ;  and  there  the  foliations  of  the 
chlorite-slate  are  greatly  bent  and  crumpled.  Chlorite-slate  here 
never  passes  into  syenite,  at  least  directly;  but  is  confusedly  and 
largely  interleaved  with  it,  as  in  Hopkins  Bay. 

At  Point  Back,  a  mound  or  two  of  grey  granite  protrudes  above 
the  marshes. 

Both  the  greenstone  and  the  chlorite-slate  are  strictly  conformable 
with  each  other ; — their  tnost  common  strike  being  E.N.E.  At  Cape 
Chamberlin,  and  on  the  north  side  of  Forbes  Bay,  it  is  a  little  to 
the  south  of  east ;  the  strike  is  to  the  north  of  east  on  the  south 
side  of  that  bay,  and  throughout  all  the  coast  to  Cape  Bayfield^  vrith 
the  exception  of  the  south  side  of  Hopkins  Bay,  in  proximity  to 
syenite,  where  it  is  north-east,  with  a  southerly  dip,  contrary  to  the 
usual  dip  in  Rainy  Lake.   The  dip  is  often  vertical,  and  always  high. 

Third  Divmon. — The  third  division  commences  at  Point  Bay- 
field, and  extends  nearly  over  the  whole  eastern  arm,  twenty-eight 
miles  long  in  a  direct  line.  The  immediate  shores  of  the  lake  are 
usually  morasses,  except  high  up  in  the  north  of^  this  arm,  where 
the  country  ascends  at  once  in  hills  of  pine-forests,  or  in  naked 
ridges,  500  feet  high,  and  as  white  and  shining  as  porcelain.  This 
division  is  characterized  by  the  confused  state  of  its  stratified  rocks, 
especially  on  the  west  side  of  the  arm. 

White  or  pale  red  granite  is  the  prevailing  rock,  and  especially  in 
the  north,  accompanied  by  syenite^,  and  flanked  by  mica-slate  and  by 
chlorite-slate  and  greenstone- slate,  quite  the  same  as  those  already 
described. 

The  strike  of  these  three  last-mentioned  rocks  is  usually  N.  and 
N.W.,  as  at  Bear's  Pass,  Otterberry  Lake,  and  Porter's  Bay ;  to  the 
N.E.,  at  Spawning  River  and  the  Manitou  Rocks  ;  as  well  as  to  the 
E.N.E.,  two  miles  north  of  Parry  Strait.  On  the  east  side  of  the 
Arm,  the  strike  seldom  deviates  from  the  N.E.  or  E.N.E. 

By  way  of  a  few  local  details,  we  have  to  state  that,  from  Cape 
Bayfield  to  Otterberry  Lake,  there  is  a  confused  intermingling  of 
granite  with  greenstone-slate  and  chlorite-slate,  and  with  three  small 
districts  of  coarse  grey  mica-slates  ;  one  of  these  being  a  mile  south 
of  Bear's  Pass,  ana  the  other  two  near  the  foot  of  Otterberry  Lake  ; 
the  most  northern  having  many  flexures,  and  abounding  in  garnet 
and  staurotide. 

*  I  found  apatite  in  the  syenite  of  Porter's  Bay. 
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On  the  east  shore,  for  some  miles  north  of  Parry  Strait,  dark 
greenstone-slate  and  gneiss  occupy  the  country  conformably  with  each 
ether,  granite  here  and  there  emerging  from  their  midst.  The  gneiss 
has  imbedded  in  it  large  masses  of  hornblende  such  as  are  noticed 
elsewhere,  which  also  nm  into  it  in  seams,  in  all  directions. 

From  the  north  end  of  Otterberry  Lake  to  Point  Dalhousie  (about 
twelve  miles),  the  mainland  consists  of  dark  greenstone  and  chloritic 
slates,  with  some  syenite  at  the  bottom  of  Barclay  Bay. 

The  chloritic  sla^  of  an  island  two  miles  N.£.  of  Point  Dalhousie, 
marked  by  a  fine  grore  of  pines,  is  so  quartzose  as  to  become  a  horn- 
stone.     It  has  many  reins  and  masses  of  white  calcspar. 

Fcwth  DivUion, — ^The  fourth  district  includes  the  fifty-two  miles 
of  coast  from  Point  Lyon,  eastwardly,  to  Point  Franklin. 

It  is  almost  wholly  occupied,  as  far  as  I  could  see,  by  both  broad 
and  narrow  alternations  of  greenstone-  and  chlorite-slates,  in  about 
equal  quantities,  and  of  the  kinds  common  on  this  lake.  The  former 
is  often  in  very  thick  strata,  and  is  traversed  by  veins  of  white  quartz 
and  chlorite-earth ;  the  latter  being  so  soft  as  to  be  carved  into  images 
by  the  Indians.  Chlorite-slate  is  in  particular  abundance  at  the  north 
an^e  of  Seine  Bay. 

Both  rocks  are  conformable ;  their  strike  being  to  the  E.N.E.  or 
N.E.,  with  a  northerly  or  perpendicular  dip.  They  have  been  little 
affected,  in  trend  at  least,  by  eruptions  of  granite,  and  are  in  fact  con- 
tinuations of  the  same  strata  some  miles  across  the  lake,  on  its  south 
shore. 

It  has  yet  to  be  stated  that  the  bottom  of  Barclay  Bay,  three  and 
a  half  or  four  miles  broad,  is  based  on  syenite,  which  is  in  connexion 
with  the  granite  region  of  the  East  Arm  on  the  north. 

Fifth  Divmon. — At  the  distance  of  two  miles  W.N.W.  of  Point 
Franklin,  we  enter  our  fifth  division.  It  comprises  the  S.E.  end  of 
the  lake. 

The  greenstone-slate  here  begins,  as  we  see  in  coasting  along,  to 
alternate  with  dark  syenitic  gneiss,  and  then  appears  no  more  east- 
wards, being  replaced  entirely  by  gneiss  with  a  strike  varying  from 
E.N.E.  to  £.  by  N.,  the  dip  being  either  perpendicular  or  northerly 
at  a  high  angle. 

About  two  miles  N.W.  of  Cormorant  River,  great  seams  and  tortuous 
veins  of  white  granular  granite  everywhere  traverse  the  gneiss,  with- 
out alteration  of  the  latter;  and  all  around  the  above  river,  the  country 
is  studded  with  hummocks  and  bosses  of  granite  with  (to  my  eye) 
confused  intervals  of  gneiss  among  them. 

This  continues,  with  imbedded  masses  of  hemblende  (as  seen  in 
the  west  of  the  lake)  in  either  of  these  rocks,  past  Wah-chusk  River 
to  Point  Mackenzie  (eight  miles),  where,  southward  for  seven  miles, 
to  Stokes  Bay,  numerous  broad  intercalations  of  a  beautiful  silvery 
mica-slate  are  met  with  among  the  granitic  and  gneissoid  ridges.  This 
handsome  slate  is  thickly  spotted  with  small  scdes  of  black  mica,  and 
fine  granular  quartz  and  felspar,  both  white. 

From  Stokes  Bay,  along  a  low  coast,  through  Hale  Bay  (almost 
filled  up  with  densely  wooded  islands)  to  Perch  River,  granite  con- 
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tinues  very  plentifiil,  with  beds  of  gneiss  interposed.  It  disappean 
westwards  at  Wapescartoo  Rirer.  The  Falls  of  the  Chaudi^re  Rirer, 
dose  to  Hale  Bay,  pass  over  gneiss  striking  E.N.E.,  and  vertical ;  bnt 
a  white  porphyritic  granite  is  (reouently  seen  dose  at  hand. 

On  the  west  side  of  Hale  Bay  I  had  an  opportunity  of  taking  strikes 
and  dips  carefully  in  six  places.  They  were  always  E.N.E.,  and  in 
one  place  indicated  a  small  anticlinal  (see  Map,  PI.  X.).  Since  this 
paper  was  written  I  have  been  pleased  to  find  my  notes  confirmed  by 
the  observations  of  Dr.  Norwood,  both  in  this  locality*,  and  in  the 
neighbouring  fin«^  body  of  water.  Lake  Namaycan. 

This  granite  is  remarkably  porphyritic  one  mile  west  of  Perch  River, 
the  felspar-crystals  varying  from  I  to  10  inches  in  length,  Uie 
amorphous  quartz-masses  from  1  to  24  inches  in  diameter,  and  the 
hexagonal  ciystals  of  yellowish  silvery  mica  1  or  2  inches  broad.  In 
some  places  hereabouts  the  granite  is  of  the  kind  called  "  graphic," 
— as  was  remarked  by  Dr.  Norwood  of  the  granite  not  far  from  the 
Chaudi^  Falls  at  the  S.E.  comer  of  the  lake.  As  might  have  been 
expected  from  its  strike,  we  find  the  mica-slate  of  Stokes  Bay,  re- 
appearing at  Perch  Bay,  with  an  interval  of  six  miles  of  lake  ;  but 
it  is  here  coarser,  more  quartzose,  often  ferruginous,  and  in  this 
vicinity  it  distinctly  runs  into  true  gneiss.  The  nakedness  of  this 
part  of  the  coast  permits  a  freer  exammation  of  its  rocks  than 
elsewhere. 

From  Wapescartoo  River,  through  the  Grand  Detroit  to  Maypole 
Island  (sixteen  miles),  the  only  rock  visible  among  the  low  woods  is 
exactly  the  same  gneiss  as  that  of  Point  Franklin  on  the  opposite  shore. 

This  is  particiuarly  true  at  Point  Observe,  and  on  the  east  side  of 
Black  Bay.  For  many  square  miles  about  Wapescartoo  Bay  it  is 
traversed  everywhere  by  strings-like  headings  and  lai^r  masses  of 
transparent  amber-coloured  quartz  in  long  interrupted  Imes,  with  here 
and  tnere  wandering  veins  of  granite. 

The  gneiss  and  mica-slate  are  conformable  with  each  other  and 
with  the  slates  of  Seine  Bay,  &c.  Out  of  thirty-eight  recorded  ob- 
servations in  this  fifth  division,  twenty-four  are  to  the  E.N.E.,  eleven 
E.  by  N.,  two  nearly  N.E.,  and  one  E.S.E.  Of  the  twenty-eight 
dips,  fifteen  are  northwards,  ten  vertical,  and  three  southwards ;  the 
last  being  near  each  other ;  and  two  of  them,  although  taken  three 
miles  apart,  evidently  occur  in  continuations  of  the  same  strata.  They 
indicate  small  anticlinals. 

Sixth  Division, — ^The  sixth  division  occupies  rather  more  than  one- 
third  (the  western)  of  the  south  shore  or  this  lake,  from  Maypole  • 
Island  to  Rainy  River. 

For  nearly  eleven  miles  west  of  Maypole  Island,  to  Point  Logan, 
chlorite-slatef  and  greenstone-slate  predominate,  and  in  precisely  the 
same  relations  to  each  other  as  in  Indian  Bay,  &c.,  on  the  opposite 
coasts. 

*  Dr.  Norwood  found  tourmaline,  actinolite,  and  garnet  here. 

t  Dr.  Norwood  (Owen's  Report,  p.  319)  informs  us  that  there  is  much  taloose 
slate  hereabouts.  It  may  be  so,  but  I  saw  none,  although  1  carefullj  went  orer 
this  coast  three  times.    I  suppose  him  to  mean  fine  soft  cnlorite-slate. 
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The  extensive  shallow  indent,  called  Black  Bay,  however,  is  hased 
on  granular  gneiss  with  white  mica,  and  with  small  quantities  of  green- 
stone-slate interleaved ;  both  having  an  £.  bj  N.  or  E.N.E.  strike 
and  northerly  dip. 

The  greater  part  of  the  interval  of  four  miles  between  Point  Logan 
and  Rainj  River  is  occupied  by  syenite,  in  districts  covered  up 
insularly  by  morass.  It  is  very  dark,  from  the  preponderance  of 
hornblende.  It  frequently  contains  isolated  sheets  of  venr  micaceous 
gneiss  and  dark  greeustone-slate ;  both  with  the  usual  £.N.£  strike 
and  northerly  dip,  but  not  without  one  or  two  small  deviations. 

At  the  commencement  of  Rainy  River,  on  both  banks,  and  for  two 
mfles  of  the  south  shore  of  the  lake,  there  is  a  laree  quantity  of 
nntravelled  debris  of  an  Upper  Silurian  limestone,  which  is  always 
sharp-edged  and  slaty ;  and  now  and  then  is  planted  into  the  earth 
in  such  ereat  square  masses,  that  I  am  constrained  to  consider  it 
living  rock,  split  into  fragments  by  the  intense  cold  of  these  regions. 

Containing  the  same  fossils  as  the  limestone  of  the  lake  of  the  woods, 
I  believe  it  to  be  of  the  same  age'*'.  It  is  browner  and  coarser  in 
texture.  There  is  not  much  doubt  but  that  it  underlies  most  of 
the  bed  of  Rainy  River,  and  is  continued  into  the  plains  about  the 
Red  River  settlement. 

Remarks. — Whilst  vast  districts  to  the  south  and  west  are  buried 
under  clays,  sand,  gravel,  and  boulders,  to  the  depth  occasionally  of 
500  feet,  there  is  about  Rainy  Lake  but  little  loose  debris ;  the  earth 
or  gravel  banks  being  few,  and  seldom  exceeding  a  few  feet  in  thick- 
nessf.  Whenever  the  land  rises  a  little  we  have  for  the  most  part 
bleadied  and  naked  rock  for  many  square  miles  together.  Some 
northern  erratic  blocks  there  are,  but  not  in  such  marvellous  accu- 
mulation as  elsewhere  encumbers  the  surface. 

The  strikes  in  Rainy  Lake,  of  which  that  to  the  E.N.E.  may  be 
taken  as  normal  or  common,  require  a  correction  of  10^  or  12° 
westerly ;  such  being  the  amount  of  the  magnetic  variation  easterly. 
This  brings  the  strikes  nearer  to  the  N.E. 

The  rock-formations  of  this  lake  are  a  continuation  of  those'  on  the 
south; — ^both  towards  the  head-waters  of  the  Mississippi,  and  the  Fond 
du  Lac  of  Lake  Superior ;  the  rocks  themselves,  their  mutual  relations, 
and  their  strikes  being  similar. 

Dr.  Norwood  in  his  map  of  these  parts  of  Minnesota  (Atlas,  Dale 
Owen's  Survey  of  Minnesota,  &c.)  covers  the  country  with  granite 
and  syenite,  mingled  with  metamorphic  slates,  going  N.E.,  as  far  as 
enormous  quantities  of  coarse  and  fine  drift  have  permitted  him  to 
observe. 

On  the  west  of  the  Fond  du  Lac,  and  between  the  Mississippi  and 
Minnesota  Rivers,  Dr.  Norwood  found  the  strike  to  be  N.N.E. ;  but 
whether  this  indicates  a  formation  of  a  different  era  from  that  of 
Rainy  Lake  and  other  neighbouring  parts,  or  is  due  to  local  magnetic 
variation,  so  changeable  among  these  lakes,  cannot  at  present  be 
seUled. 

*  Quart.  Joam.  GaoL  Soc  voL  viii.  p.  405. 

t  See  Dr.  Bigtby  on  Ctntdian  Erratics;  Quart.  Joum.  Geol.  Soc.  vol.  vii.  p.  215. 
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Dr.  Norwood  (Owen's  Survey,  p.  192)  considers  the  great  pi 
chain  north  of  Lake  Superior,  and  running  nearly  parallel  wl 
north  shore,  from  N.£.  to  S.W.,  to  be  the  main  axis  of  disld 
for  wide  regions  in  this  part  of  North  America. 

This  opinion  is  strengthened  by  finding  in  Rainy  Lake,  and 
the  chain  of  lakes  (225  miles  long)  which  lead  to  the  Grand  Pi 
of  Lake  Superior,  that  the  dip  of  all  the  stratified  rocks  is  alml 
variably  to  the  north* ;  while  that  of  the  kindred  rocks  in  Wis! 
and  Michigan,  south  of  Lake  Superior,  is  vnth  great  constancy  f 
south ;  and  this  over  areas  of  many  thousand  square  miles. 

In  hand-specimens  the  rocks  of  Rainy  Lake  are  often  noi 
distinguished  from  those  of  Lakes  Superior  and  Huron.  Alt^ 
carefully  sought  for,  I  met  with  no  ores  in  Rainy  Lake;  w' 
Iron  and  Gunflint  Lakes,  on  the  east,  indications  of  metalfiferou 
are  numerous. 


r 


3.  On  some  Swallow  Holes  (m  the  Chalk  Hills  near  Ca 
BURY.     By  J.  Prestwich,  Jun.,  Esq.,  F.R.S.,  F.G.I 

The  occurrence  of  swallow  holes  on  chalk  and  limestone 
phsenomenon  almost  too  well  known  and  too  general  to  call 
special  notice  ;  but  there  exists,  in  a  locahty  not  hitherto  cit 
Canterbury,  a  group  of  these  stream-absorbent  cavities  of  so  i 
able  a  character,  that,  as  this  question  also  bears  so  materiallj 
the  subject  of  the  next  communication  I  have  to  make,  I  b^ 
before  the  Society  a  short  account  of  them. 

I  came  upon  this  spot  whilst  tracing,  a  few  years  sine 
Thanet  Sanos  through  East  Kent.     Around  Feversham  and] 
terbury  the  country  consists  essentially  of  chalk,  but  the  high  \_ 
between  these  towns  consists  of  tertiary  strata,  fomung  a 
land  of  a  few  square  miles  in  extent.    The  area  to  be  not^ 
merely  that  portion  of  the  hill  which  Ues  south  of  the  high<^ 
and  which  is  in  part  marked  by  a  wood  named  on  the  Ordnance] 
"  Fish  Pond  Wood,"  extending  over  the  London  clay  and  II 
Tertiary  sands  down  to  the  edge  of  the  chalk.     The  drainage  j 
this  clay  surface  is  carried  off  by  several  small  brooks  t  haviii 
eastemly  or  a  southerly  direction.     It  is  to  the  latter  that  I 
particularly  direct  attention.      Skirting  the  wood  from  Nic 
Farm  westward  to  Lower  Elmsden,  there  are  to  be  found  wit 
distance  of  about  a  mile  as  many  as  six '  or  seven  of  these 
courses,  all  of  which,  without  exception,  disappear  just  within 
edge  of  the  wood,  in  swallow  holes,  some  of  which  are  not  more  \ 
6  or  8  feet  broad  and  deep,  whilst  others  attain  a  diameter  of  30 
40  feet  and  a  depth  of  20  to  30.     There  is  generally  not  much  i 
in  the  brooks  running  into  these  funnel-shaped  %  excavations,  at  t 
bottom  of  which  they  form  a  small  pool,  that,  notwithstanding  th 

*  The  result  of  120  observatioiis  in  Rainy  Lake,  and  of  thirty  in  the  other  lakci, 
carefully  made  by  myself, 
t  These  brooks  are  not  laid  down  on  the  Ordnance  Map. 
X  On  one  side  of  which  the  stream  forms  a  gap  or  lip. 
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meessant  Addition,  remaiDS  unchanged  and  without  rise,  the  water 
heing  gradually  and  quietly  absorhed  as  fast  as  it  is  supplied.  Only 
occasionally  a^r  heavy  rains  the  .water  stands  for  a  few  hours  some 
feet  higher.  The  sides  of  these  excavations  are  usually  sloped  with 
debris,  grass,  and  bramble,  and  the  bottom  covered  by  a  bea  of  sand 
and  gravel  so  that  the  chalk  surface  cannot  often  be  seen.  Some 
of  the  swallow  holes  are  situated  within  the  boundary  of  the  Lower 
Tertiary  sands,  whilst  others  are  just  on  the  edge  of  the  chalk. 
Between  this  spot  and  the  river  Stour  at  Shalmford  Street  there  is 
a  descent  probably  of  200  to  300  feet,  throughout  which  the  surface 
of  the  chalk  is  as  bare  of  wood  as  it  is  of  water.  But  on  the  river- 
bank  near  that  village  a  lai^  and  perennial  spring  bursts  out.  There 
are,  I  believe,  several  other  springs  in  the  river,  but  this  is  a  very 
strUdng  one,  and  is  apparently  dependent  upon  the  brooks  lost  in 
the  swallow  holes  a  mile  distant  on  the  hiUs  above.  Not  that  I 
think  that  the  streams  are  continued  underground  in  separate  and 
independent  channels  from  the  spot  where  they  disappear  to  that 
at  which  they  issue  in  the  river-bank,  but  that  they  descend,  within 
a  short  distance,  through  one  or  more  channels  down  through  the 
mass  of  the  chalk,  untu  they  reach  the  line  of  permanent  water-level 
which  passes  under  the  hills  in  a  curve  rising  slightly  from  the  river 
Stour  and  descending  again  towards  Feversham.  The  additional 
supply  made  by  the  brooks  at  this  spot  determines  a  higher  local  level 
in  tne  water-hne,  and  consequently  the  springs  issue  in  greater  force, 
and  higher  above  the  river,  along  the  nearest  lowest  level  of  the 
valley — ^the  river  channel.  The  bulk  of  the  springs  are  probably  in 
the  bed  of  the  river,  or  low  on  its  banks,  ana  are  therefore  not  so 
i^parent. 

The  accompanying  section  gives  a  general  view  of  the  position 
of  these  swallow  holes  and  of  the  main  spring. 

General  theoretical  Section  of  the  Hills  8.E.  of  Boughton  to  the 
River  Stour  between  Chilham  and  Canterbury. 

Length  about  2  miles.  ^'^' 


1 .  London  CUy.  9.  The  Lower  Tertiary  Sandi.  (Thoe  ■booid  be  eontinaed 

between  a  and  a'.)  3.  Cbalk. 

c,  mf.  Swallow-holet  in  the  lurfoce  of  the  Chalk. 

b.  Line  of  water-level  in  the  Chalk  *.  «.  Spring  on  the  ri?er-bank. 

M,  9,  z.  Sand-pipea  on  the  aurface  of  the  Chalk,  filled  with  the  tertiary  landa. 


*  Aaraming  &  to  be  placed  in  a  central  petition  between  a  and  the  rirer-levd  at  Fereraham, 
to  the  N.W.,  the  line  of  water-lerel  from  6  to  a  would  form  a  nearW  rMular  deacendinff  plane 
in  cither  direction,  and  the  p<Hnt  a  would  ML  rather  lower  than  in  the  abora  diagram ;  but  the 
eooeentrated  anpi^y  of  water  at  a,  a',  raiaea  the  water-level  between  b  and  a,  and  affects  in 
proportion  the  water-lev  1  at  a,  caudng  it  to  atand  higher  than  it  would  in  its  normal  condition, 
and  determining,  therefore,  at  that  spot  a  larger  delivery  of  water  than  uauaL  Tlie  water- 
#iiiiifM4«  eondncting  from  a,  a',  to  the  dotted  line  6,  a,  may  be  nearly  perpendicwlar,  ot  may 
follow  for  aome  diataoet  the  line  of  atratiflcation  formed  by  the  beda  of  flinta. 
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On  the  other  side  of  the  hill,  in  proceeding  from  Hatch  Green  to 
Dinstead  and  Fish  Pond  Farm,  there  are  seyeral  other  swallow  holes. 
Altogether  the  district  is  a  very  interesting  one  in  this  respect,  and, 
although  I  have  seen  larger  streams  absorbed  elsewhere^  I  know  of 
no  other  locality  where  so  many  may  be  seen  within  so  small  an  area, 
or  where  the  phsenomenon  is  more  striking*. 

It  would  appear  that  two  conditions  are  essential  for  the  formation 
of  swallow  holes :  the  one,  that  there  should  be  streams  formed  at 
such  a  level  that  they  have  to  pass  over  a  surface  of  country  higher 
than  that  of  the  main  valleys  of  drainage ;  and  the  other,  that  the  line 
of  water  level  in  the  mass  of  calcareous  strata  in  which  the  swallow 
holes  are  formed  should  be  below  the  level  at  which  the  streams  drill- 
ing the  swallow  holes  are  absorbed.  The  action  is  therefore  dependent 
upon  the  tendency  which  the  water  has  to  seek  the  lowest  water- 
level.  (Consequently  wherever  a  predisposing  cause  t>  such  as  a  crack 
or  fissure,  may  exist,  the  water  will  tend  to  escape  through  any  avail- 
able  subterranean  channels  to  the  lower  water-level  and  then  to  the 
river-channels,  in  Ueu  of  flowing  over  the  surface  to  the  same  ultimate 
point,  as  it  would  do  in  the  case  of  passing  over  strata  not  acted 
upon  by  water  holding,  as  usual  with  all  surface  waters,  carbonic 
acid  in  solution. 

*  Amongst  other  places  in  the  chalk  around  London  where  swallow  holes  may 
be  observedy  I  woold  instance  in  particular  the  neighbourhood  of  Farnham,  and 
the  districts  immediately  north  of  Newbury,  S.W.  of  Hungerford,  and  N.  of 
Barnet. 

t  In  this  case  the  old  Tertiary  sand-pipes  may  have  determined  the  formation 
of  some  of  these  existing  swallow-holes. 
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January  18,  1854. 

Alfred  William  Morant,  Esq,,  C.E.,  and  John  Bailej  Denton,  Esq., 
C.E.^  were  elected  Fellows. 

The  following  communications  were  read : — 

1.  On  Pipes  and  Furrows  in  Calcareous  am^  Non-calcareous 
Strata.    By  Joshua  Trimmer,  Esq.,  F.6.S. 

I  PROPOSE,  in  this  communication,  to  give  a  brief  summary  of  the 
evidence  on  which  I  rely  for  proof  of  the  formation  of  those  remark- 
able cavities  in  the  chalk,  known  as  pipes  and  sand-sails,  by  the 
mechanical  action  of  water,  before  the  matter  which  flls  them  was 
deposited.  I  shall  describe  the  Tarious  forms  which  they  assume, 
the  different  strata,  besides  the  chalk,  in  which  they  are  found,  and 
the  various  deposits  of  the  tertiary  epoch  with  whicn  they  are  filled. 
1.  The  Pipe9  are  terminatume  of  Furrowe. — In  the  first  place, 
then,  they  are  the  termination  of  farrows,  which  widen  and  deepen 
as  they  approach  the  pipes.  This  becomes  evident,  when  we  have 
an  opportunity  of  seeing  a  ground-plan  of  them,  in  consequence  of 
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the  remoTal  of  the  matter  coTering  the  chalk,  without  distorbanoe 
of  the  surface  of  the  rock.  Until  I  drew  attention  to  this  fkct*,  they 
had  only  been  studied  in  sections ;  and  when  seen  in  section,  thej 
frequently  present  very  deceptiTe  appearances. 

It  was  the  connexion  of  these  furrows  with  pipes  and  other  caTi- 
ties  in  the  chalk  which  caused  me  to  venture  to  dissent  from  the 
theory  of  their  formation  by  acidulated  water  percolating  the  strata 
above  them,  as  promulgated  by  Sir  Charles  LyeU,  and  adopted  by 
some  of  our  most  eminent  geologists. 

Detailed  descriptions  of  several  such  cleared  surfaces  of  chalk  in 
Kent  and  Norfolk,  which  I  had  watched  from  day  to  day,  during 
several  weeks  and  even  months,  while  the  clearing  was  in  progress, 
will  be  found  in  the  Proceedings  and  Journal. 

Shape  of  the  Furrawe  and  Pipes, — ^The  result  of  these  observations 
was,  that  the  furrows  are,  in  some  cases^  wider  than  they  are  deep, 
in  others,  deeper  than  they  are  wide,  and  that,  in  juxtaposition  with 
one  anoUier,  and  with  both  kinds  of  furrows,  we  find  cavities  of 
various  shapes,  which  all  pass  among  fi;eologists  under  the  name  of 
pipes  or  sand-^alls.  There  are  cylindrical  cavities  of  various  depths, 
some  terminatmg  abruptly,  some  extending  below  the  depth  of  the 
section,  even  when  it  is  as  much  as  20,  30,  and,  in  extreme  cases, 
nearly  60  feet.  There  are  ftinnel-shaped  cavities,  or  inverted  coues. 
There  are  caldron-shaped  cavities,  wider  at  half  Uieir  depth  than  at 
the  surface,  like  many  of  the  rock-basins  on  the  sea-shore,  or  in  the 
beds  of  rapid  rivers.  There  are  dish-shaped  cavities,  or  circular 
basins,  several  feet  in  diameter,  and  not  exceeding  a  foot  or  two 
in  depth.  Lastly,  there  are  large  irregular  cavities,  such  as  would 
have  resulted  from  the  breaking  down  of  several  neighbouring  cavi- 
ties into  one. 

2.  Occurrence  of  Pipes  and  Furrows  in  Nan-calcareous  Strata. — 
The  second  argument  in  favour  of  the  mechanical  origin  which  I 
assign  to  these  mysterious  excavations  is,  that  they  occur  in  non-cal- 
careous strata.  Dr.  Fitton  pointed  them  out  in  the  Green-sand. 
Before  I  saw  them  in  that  formation,  I  had  observed  similar  pipes  and 
furrows,  of  much  smaller  dimensions,  on  blocks  of  sandstone  derived 
from  the  Lower  London  Tertiaries,  and  scattered  over  various  parts 
of  Kent.  A  considerable  number  of  these  blocks  were  placed  as  a 
protection  to  the  footpath  in  the  streets  of  Ospringe  and  Feversham 
m  1 841,  and  some  are  still  to  be  seen  there.  Some  of  the  cylindrical 
cavities  in  these  blocks  terminate  in  a  blunt  point,  like  those  in  the 
chalk,  others  pass  completely  through  the  block.  In  a  few  blocks 
they  commence  from  opposite  sides.  I  attribute  this  to  the  blocks 
having  been  exposed  to  tne  breaking  of  the  sea  upon  the  shore,  and, 
after  having  lam  for  some  time  in  one  position,  having  been  turned 
over  by  a  storm  of  unusual  violence ;  because — 

3.  Pipes  and  Furrows  now  in  course  of  formation  on  Stone  <md 
Chalk — I  had  seen  cylinders  of  still  smaller  size,  on  blocks  of  sand- 
stone, on  the  shore  near  the  Reculvers,  actually  being  formed  by  the 

*  Proc.  Geol.  Soc  voL  iii.  p.  186;  ibid,  vol.  iv.  p.  7  and  p.  482 ;  and  Quart. 
Journ.  Geol.  Soc.  vol.  i.  p.  300. 
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▼ordcose  action  which  the  flux  and  reflux  of  the  waves  communicated 
to  sand  and  water  lodged  in  hollows  on  the  face  of  the  block  : 

4.  I  have  seen  cylindrical  and  funnel-shaped  cayities  connected  by 
furrows,  in  the  course  of  formation  by  means  of  similar  vorticose 
action,  on  a  flat  shore  of  chalk,  between  high  and  low  water,  near 
Cromer.    The  cylinders  were  2  inches  in  diameter  and  4  inches  deep. 

5.  After  the  heavy  gale  which,  in  1846,  carried  away  the  jetty  at 
Cromer,  and  caused  great  destruction  of  the  detrital  cliffs  mere,  I 
found  part  of  a  ledge  of  chalk,  which  forms  their  base,  and  which 
had  been  exposed  for  some  little  time  to  the  breaking  of  the  sea 
beyond  the  usual  tidal  limits,  having  a  surface  of  several  square 
yards,  covered  with  circular  hollows,  1  to  l^^foot  in  diameter.  These 
cavities  were  filled  with  loose  pebbles,  on  removing  which,  the 
cavities  were  found  gradually  to  contract  in  diameter,  until  they  as- 
sumed a  cylindrical  shape.  A  section  of  one,  laid  open  by  the  sea, 
was  2  feet  deep  and  3  mches  in  diameter,  terminating  with  a  blunt 
point,  like  many  larser  chalk-pipes  of  other  epochs.  This  is  a  very 
common  depth  of  sunilar  cavities  on  various  strata  which  are  filled 
with  warp-drifl,  as  I  shall  describe  hereafter,  and  which  rarely  attain 
the  large  size  so  common  among  those  in  the  chalk  which  are  filled 
with  older  tertiary  deposits. 

6.  ConformabUity  or  Notireonfarmabilitv  of  Deposits  overlying 
the  Mouths  of  the  Pipes, — On  a  broadly-undulating  surface  of  chalk, 
covered  with  the  crag,  the  ferruginous  breccia,  called  "  the  pan," 
which  forms  the  base  of  that  deposit,  together  with  the  alternations 
of  sand  and  clay  above,  conform  to  this  undulating  sur&ce.  It  is  the 
same  with  those  large  irregular  cavities  which  have  a  greater  width 
than  depth.  Such  conformability  to  an  irregular  surface  is  admitted 
by  geologists  to  be  an  original  condition  of  deposit ;  and  that  bending 
down  of  the  strata  into  the  mouth  of  a  pipe  of  considerable  diameter, 
which  has  been  adduced  as  a  proof  of  subsidence,  may  be  only  an  ex- 
treme case  of  conformability  to  an  irregular  surface. 

7.  Above  this  irregular  stratification,  there  are  alternations  of  sand 
and  day  over  the  pipes,  which  are  perfectly  horizontal. 

8.  It  is  only  over  pipes  of  large  diameter  that  there  are  those  irre- 
gularities of  stratification,  which  have  been  supposed  to  indicate  sub- 
sidence. 

9.  Occurrence  of  calcareous  matter  in  the  Pipes. — In  the  deeper 
furrows  connected  with  the  pipes,  we  find  alternations  of  deposit 
disdnct  from  the  superincumbent  strata ;  and  among  these  are  layers 
of  fragmentary  chalk,  which  acidulated  water,  percolating  from 
above,  ought  to  have  dissolved  before  it  could  have  excavated  the 
furrow. 

10.  Pipes  in  inclined  strata, — The  pipes  on  the  surface  of  the 
tilted  chalk  of  Alum  Bay  must  have  been  formed  before  the  disturb- 
ance ;  for  they  are  perpendicular  to  the  original  plane  of  stratifica- 
tion, and,  when  the  chalk  was  horizontal,  the  sands  above  it  were 
covered  by  the  impermeable  mass  of  the  mottled  clay.  The  position 
of  the  strata  now  is  highly  favourable  for  the  downward  percolation 
of  water,  but  no  new  pipes  are  being  formed  on  the  inclined  chalk. 
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.  Materials  filling  the  Pipes. — Pipes  and  fiuTows,  of  Tarious  dimen- 
sions, occur  more  or  less  on  all  tne  following  strata,  and  are  filled 
with  the  following  deposits.  I  arrange  them  m  the  order  of  relatiye 
antiquity,  commencing  with  the  oldest : — 

1 .  In  the  chalk  some  are  filled,  in  the  tertiaiy  districts  of  London 
and  Hampshire,  with  the  lower  eocene  sands.  Others  are  filled  with 
more  recent  deposits.  The  former  infilling  is  distinguishable  by 
means  of  the  green-coated  flints  which  it  contains. 

2.  In  Norfolk  they  are  filled  with  the  Crag.     See  fig.  3.  p.  236. 

3.  There  also  some  are  filled  with  reconstructed  gravel,  formed 
ftx>m  the  materials  of  the  Upper  and  Lower  Erratic  Tertiaries*, 
brought  to  lower  levels  during  the  period  of  re-elevation  and  denudi- 

tionf- 

4.  On  the  northern  flanks  of  the  North  Downs  they  are  filled  with 
the  Dartford  gravely,  which  I  refer  to  the  same  period  of  re-elevation. 

5.  Near  the  chalk-escarpments  overhanging  the  Wealden  area,  and 
on  the  highest  tabular  summits  of  the  chuk  hills,  the  pipes  are  filled 
with  "  cledge  §,'*  a  mixture  of  clay,  sand,  and  unabraded  and  unfrac- 
tured  flints.  This  I  refer  to  part  of  the  same  period  of  re-elevation, 
considering  it  to  have  been  laid  dry  somewhat  sooner  than  the  Dart- 
ford  gravel. 

6.  When  any  member  of  the  erratic  tertiaries,  or  the  chalk  on 
which  they  rested,  has  been  so  exposed  by  denuding  action  as  to  be 
the  bed  nearest  the  surface,  it  is  worn  into  furrows  and  pipes  of  small 
dimensions,  and  these  are  filled  with  the  loamy  deposit  which  I  call 
the  "  warp-drift  ||,"  and  which  contains,  and  occasionally  passes  into, 
masses  of  sharply-fractured  flints  and  heaps  of  chalk-rubble.  This  is 
part  of  the  angular  flint-drift  of  Sir  Roderick  Murchison**.  I  refer  the 

Fig.  1 . — Section  near  Portobello  Inn  between  Famingham  and 
Wrothaniy  Kent. 


Talui.  TmIus. 

a.  Dark  ferruginous  clay  wltb  flints.  c.  Seanu  of  rounded  eoocoe  ptttblw 

A,  V.  Light^oured  candy  loam.  d.  Red  and  ydlow  ochraoeoas  nnd. 

tf.  Clay,  sandy  loam,  and  eocene  pebbles,  in  Irregular  altematk»a,  horliootalhr  stratiSed  ; 
becoming  obscure  towards  the  south  part  of  the  section.  /.  Chalk. 

*  The  Lower  Erratic  Tertiaries  comprise  the  Boulder-day ;  the  superincimi- 
bent  gravels,  &c  with  erratic  blocks  being  the  Upper  Brratica.  See  Qnait. 
Jomm.  Geol.  Soc.  vol.  vii.  p.  21 ;  and  Urid,  voL  ix.  p.  295. 

t  See  Table,  Quart.  Joum.  GeoL  Soc  vol.  ix.  p.  295. 

X  See  Quart.  Joum.  Geol.  Soc.  vol.  ix.  pp.  287,  295. 

§  Quart.  Joum.  GeoL  Soc.  voL  viii.  p.  275. 

II  Quart.  Joum.  Geol.  Soc.  vol.  ix.  Table,  p.  295. 

**  Quart.  Joum.  Geol.  Soc.  vol.  vii.  p.  349. 
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fracture  of  the  flints,  not  to  moTements 
of  disturbance  in  the  chalk,  which  took 
place,  I  conceive,  during  the  formation 
of  the  "cledge,''  but  to  the  action  of 
the  atmosphere. during  the  second  ter- 
restrial or  second  elephantine  period* ; 
and  the  distribution  of  these  fractured 
flints,  and  their  aggr^ation  into  heaps, 
I  refer  to  those  aqueous  operations, 
which,  whatever  they  were,  were  trans- 
ient, violent,  intermittent  in  their  action, 
and  suddenly  arrested,  and  to  which  I 
attribute  the  formation  of  the  warp- 
drift. 

In  the  section  near  the  Portobello  Inn, 
between    Famingham    and    Wrotham 
1),  the  "cledge,"  with  its  unabraded 

Dts,  fills  the  largp  excavations  in  the 
chalk,  and  Uie  "warp-drift,*'  with  its 
fractured  flints  (e,  on  the  left  of  the 
section),  overlies  it  horizontally,  and 
may  be  traced  thence  along  the  northern 
slope  of  the  chalk,  with  a  thickness  vary- 
ing with  the  elevation  and  form  of  sur- 
face. The  section  near  Hartley  Rectory 
(fig.  2)  shows  this  re-arrangement  of  the 
materials  of  the  "  cledge,  during  the 
distribution  of  the  warp-drift,  at  a  point 
intermediate  between  the  edee  or  the 
chalk-escarpment  and  the  valley  of  the 
Thames. 

The  above  sections  are  in  a  district 
where  the  boulder-clay  of  the  Lower 
Erratics  is  wanting ;  but  in  the  sections 
(figs.  5  &  6),  which  I  reproduce  from  the 
'Journal  of  the  Royal  Agricultural 
Society,'  vol.  vii.  p.  484,  I  exhibit  cases, 
very  common  throughout  Norfolk,  of 
pipes  and  ftirrows  in  the  denuded  sur- 
face of  the  Boulder-clay  which  are  filled 
with  the  warp-drift. 

Fig.  3.  Tlus  is  a  section  over  a  chalk- 
pit at  Guest,  between  Fakenham  and 
Foulsham.  In  this  case  two  contiguous 
sets  of  pipes  have  different  infiUines — 
crag  in  the  one,  warp-drift  in  the  ouier. 

fig.  4.  A  section  near  Desboroueh, 
Northamptonshire.     A  pipe  in  sand  is 

*  See  Table,  Quirt.  Journ.  GeoL  Soc.  vol.  u* 
p.  295. 
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filled  with  Boulder-day.     This  is  the  only  case  I  have  ever  observed 
of  pipes  80  filled. 

Pig.  3. — Section  of  Pipes,  filled  with  TFarjhdrift  and  with  Crag, 
in  a  Chalk-pit  at  Guest,  between  Fakenham  and  Foulsham, 


a.  WaqMlrill ;  sandy  kMun. 


*.  SandoftbcCnc. 


c.  Chalk. 


Fig.  4. — Section  of  Pipes  filled  with  Boulder-elay,  near  Besborcmgh^ 
Northamptonshire  {on  the  Harborough  side  of  the  village). 


•.••.••;.•«..-;       e 


«.  Bouklcru:1ay :  brown  day  with  chaft-fllntt,  and  ndlcd  pcbblct  and  icratched 

*" nuofk     *  ^  " 

irand. 


fraxmenu  of  hard  chalk. 
A.  WblUah  rand.  \  t  ^„  rt«iu- 

e.  Femi«inouf  landMooe.  jI^'^OoKte. 


Pig.  5. — Section  of  Pipes  in  the  Boulder-clay,  at  Hardingktam^ 
Norfolk. 


ti.  Ixwmy  WarfMlrift. 


b.  Boulder^ay. 


e.  The  same  materials  as  the  Boulder.clay,  rii.  chalk  and  clay,  but 
containing  Irregular  seams  of  sand  and  gravel. 
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Fig.  5.  A  section  of  the  Warp-dritl  and  Boulder-clay  near  Hard- 
ii^ham,  Norfolk.  Here  the  depth  of  the  furrows  and  pipes  filled 
with  Warp-drift  varies  from  3  to  6  feet ;  one  of  the  pipes,  nowever, 
extending  to  the  depth  of  9  feet.  If  all  the  projecting  points  of 
Boulder-clay  were  removed  to  a  level  with  the  horizontal  dotted  line, 
it  would  give  to  the  soil  a  r^ular  depth  of  3  feet. 

Fig.  6.  A  section  of  the  Warp-driil  and  Boulder-clay  near  Lang- 
ham,  Norfolk.  In  this  case  the  greatest  indentation  is  3  feet  deep, 
the  depth  of  the  Warp-drift  varymg,  in  the  space  of  a  few  yards, 
from  less  than  6  inches  to  3  feet. 

Fig.  6. — Section  of  Pipes  in  Boulder-elay,  at  Langham,  Norfolk. 

Ml! 


a.  Louny  waqMirifL 

b,  Boulder^lav ;  flinU  Md  rolled  fragments  of  cbalk,  In  a  tmae  of  finely  comminuted 

dimlk  ana  day. 

In  describing,  in  1846,  in  the  '  Journal  of  the  Royal  Agricultural 
Society,'  these  rarrows  and  pipes  between  the  soil  and  subsoil,  that  is, 
between  the  Warp-drift  and  whatever  bed  it  rests  upon,  I  pointed 
out  their  very  general  occurrence,  not  only  on  calcareous,  but  on 
non-calcareous  strata ;  showing  that,  while  fiirrows  are  common  to 
both,  cylindrical  and  conical  cavities  are  more  prevalent,  and  best 
developed,  in  calcareous  strata ;  but  that  they  are  also  occasionally 
found  in  sand  and  gravel.  I  also  adverted  to  the  bearing  of  this 
furrowed  surfiice  of  the  subsoil,  not  only  as  regards  investigations  in 

Fig.  7. — Section  of  Pipes  in  Boulder-clay,  in  a  Sandpit  near 
Raveningham  Hall,  South  Norfolk. 


*.  HL 


r.  If  tOlSft. 


«.  Wari».drifl ;  brown  clayey  loam :  6  to  18  inches. 
b.  Roulder.cIay,  with  fragments  of  Chalk. 
e.  Crag,  with  f4lse  bedding. 
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pure  geoloffj,  havmg  reference  to  the  agencies  oonoemed  in  their 
formation,  but  having  reference  also  to  practical  questions  in  agricul- 
ture connected  with  drainage,  evaporation,  the  patches  of  burning 
soil  technically  called  ''  scalds,'*  and  to  the  practice  of  deep  or  shal- 
low ploughing,  and  subsoiUng.  Fig.  5  has  special  reference  to  the 
latter  point. 

To  the  above  sections  I  now  add  from  m j  note-book  a  sketch  (fig.  7) 
of  furrows  and  pipes  in  another  form  of  fioulder-daj,  overlying  the 
fossiliferous  portion  of  the  Crag  near  Baveningham  Hall,  in  South 
Norfolk. 

Another  deposit,  whose  surface,  when  denuded,  is  seen  to  be 
furrowed  and  pierced  with  small  pipes,  filled  with  warp-drift, 
consists  of  those  beds  of  reconstructed  chalk,  pure  enough  to  be 
burned  for  lime,  which  are  found  in  the  midst  of  the  sand  of  the 
Upper  Erratics.  I  described  them  in  the  *  Proceedings  of  the  Geok>- 
ffical  Society,'  vol.  iii.  p.  185,  and  in  the  '  Joumd  of  the  Boyil 
Agricultural  Society,'  vol.  vii.  p.  463,  but  gave  no  sections.  I  am 
doubtful  whether  the  bed  "r"  in  the  section  near  Bumham  Market^, 
fig.  14,  in  which,  among  many  small  pipes,  there  is  one  20  feet 
deep,  belongs  to  this  portion  of  the  erratic  period,  or  to  that  of  the 
boulder-clay,  which  in  that  part  of  Norfolk  assumes  its  most  chalky 
form. 

Fig.  8  represents  pipes  and  furrows  on  the  surface  of  the  fresh- 
water deposit  at  Gaytonthorpe  f,  which  rests  upon  one  of  these 
chalky  varieties  of  boulder-clay,  and  which  I  therefore  refer  to  sn 
elephantine  period^,  subsequent  to  the  desiccation  of  the  Erratic 
Tertiaries. 

Fig.  9  is  a  section  taken  nearer  the  head  of  the  same  valley,  and 
represents  pipes  and  furrows  on  similar  deposits,  in  which  no  or- 
ganic remams  have  been  found. 

The  furrows  in  the  Green-sand  of  Kent  filled  with  loam,  snd 
containing  land-shells  and  mammalian  bones,  as  described  by  ^  R. 
Murchison  §,  I  refer  to  this  second  elephantine  period. 

Conclusion, — On  the  whole,  then,  I  conclude  that  pipes  and  fur- 
rows have  been  formed  by  the  mechanical  action  of  water,  before  the 
matter  with  which  they  are  filled  was  deposited ;  and  the  nearest 
existing  analogies  I  can  find  to  them  are  the  effects  of  breaken  on 
the  shore,  and  of  the  action  of  torrential  rivers. 

Their  general  distribution  may  be  explained  by  the  continued 
advance  or  retreat  of  the  coast-line,  during  the  repeated  risings  and 
falling  of  the  land  throughout  the  tertiary  era.  The  difference  in 
magmtude  between  these  ancient  excavations  and  those  now  being 
formed  by  the  sea,  may  be  ascribed  to  the  greater  magnitude  of 
waves,  occasioned  by  the  movements  to  which  the  land,  quiesoeat 
now,  was  subject  then.    The  prevalence  of  cylindrical  cavities  in  the 

*  Quart  Joom.  GeoL  Soc  vol.  i.  p.  315. 

t  Qaart.  Joum.  GeoL  Soc.  vol.  vii.  p.  26. 

t  See  Table,  Quart.  Joum.  Geol.  Soc.  vol.  ix.  p.  295. 

I  Quart.  Joum.  Geol.  Soc.  vol.  tu.  p.  382»  &c. 
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chalk,  in  oonnexion  with  furrows,  and  their  comparatiye  rari^  in 
sand,  gravel,  and  clay,  in  which  fiirrows  prevail,  may  be  due  to  the 
greater  solidity  of  the  chalk.  It  may  also  be  partly  due  to  its  cal- 
careous composition ;  foir,  though  I  contend  for  the  prevalence  of 
mechanical  action  in  the  formation  of  these  cavities,  I  do  not  exchide 
that  chemical  action  which  water  always  exercises  by  means  of  the 
carbonic  acid  which  it  absorbs.  Lieut.  Newbold  *  observed  that, 
while  some  of  the  rivers  of  India,  in  times  of  flood,  excavated  in  their 
rocky  beds  basins  of  the  different  shapes  which  we  find  in  the  chalk, 
these  cavities,  when  the  river  contracted  its  volume  during  the  diy 
season,  were  left  filled  with  stagnant  water,  and  this  water,  by  its 
chemical  action,  softened  the  gneiss  in  such  a  maimer  as  greatly  to 
facilitate  the  boring  process  during  the  ensuing  rainy  season.  Simi- 
lar alternations  between  vorticose  and  stagnant  water,  the  one  acting 
mechanically,  the  other  chemically,  would  take  place  on  the  shore  of 
the  sea ;  and  the  ereater  liability  of  calcareous  strata  to  be  acted 
upon  by  acidulated  water,  combined  with  the  ftuct  of  the  greater 
prevalence  of  regular  cavities  in  calcareous  subsoils,  warrants  the 
conclusion,  that  in  their  formation  the  solvent  power  of  carbonic  acid, 
held  in  solution  by  stagnant  water,  has  aided  the  operations  of  water 
in  violent  motion. 

Neither  would  I  wholly  exclude  subsidence  of  the  matter  with 
which  the  cavities  are  filled,  though  I  believe  that  the  irr^olar 
stratification  over  the  larger  cavities,  which  has  been  ascribed  to  this 
cause,  is  generally  an  original  condition  of  deposit  upon  an  irregular 
surface.  The  vertical  stnse  on  the  sides  of  some  pipes  are  proofs  of 
some  amount  of  subsidence ;  but  this  is  not  incompatible  with  the 
formation  of  the  pipes  before  the  matter  was  deposited  with  which 
they  are  filled.  Subject,  as  they  have  been,  to  the  pressure  of  many 
hundred  feet  of  strata,  and  many  hundred  fathoms  of  water,  during 
the  submergence  of  the  Crag  and  Erratic  periods,  it  is  not  surprising 
that  there  is  evidence  of  subsidence  to  a  certain  extent,  particularH^ 
if  a  pipe,  formed  by  the  mechanical  action  of  water,  has  been  at  all 
deepened  by  the  suosequent  percolation  of  acidulated  water.  In  a 
former  paper  I  have  given  a  section  of  some  faulted  strata,  over  a 
pipe,  in  which  the  greatest  amount  of  displacement  was  2  feetf. 

With  regard  to  the  pipes  and  ftmrows  filled  with  warp-drift  which 
occur  on  the  surface  of^  various  strata,  I  wish  to  offer  no  opinicni 
whether  they  were  formed,  as  Sir  Roderick  Murchison  has  suggested, 
by  inundations  analogous  to  those  of  earthquake-waves,  or  wheth^ 
they  indicate  some  anomalous  atmospheric  action.  In  the  latter 
case,  they  may  be  compared  to  the  excavations  formed  by  torrential 
rivers.  All  I  contend  for  is,  that  they  are  due  to  some  aqueous 
operations,  which  were  neither  ordinary  marine,  nor  ordinary  atmo- 
spheric action,  and  that  these  took  place  upon  a  terrestrial  surface 
which  was  inhabited  by  elephantine  and  other  mammals  now  extinct, 
after  the  desiccation  of  the  bed  of  the  Erratic  or  Glacial  sea. 

♦  Proc.  Geol.  Soc.  vol.  iii.  p.  704. 

t  Quart.  Journ.  GeoL  Soc  yoL  i.  p.  30&,  fig.  6. 
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2.  On  the  Origin  of  the  Sand  and  Gravel  Pipes  in  the  Chalk 
of  the  London  Tertiary  District.  Bj  Joseph  Prestwich, 
Jiin.,  Esq.,  F.R.S.,  F.G.S. 

[The  Publication  of  this  paper  is  postponed.] 

[Abstract.] 

Avter  referring  to  the  obserrations  and  researches  of  earlier  writers 
on  these  peculiar  cavities,  the  author  dwelt  upon  the  theory  advocated 
hj  Dr.  Buckland  and  Sir  C.  Lyell,  that  these  cavities  were  due  to 
the  action  of  water,  holding  carbonic  acid  in  solution,  constantly  per- 
colating through  the  same  cavity,  dissolving  the  chalk  and  letting 
down  the  superincumbent  sand  and  gravel.  After  pointing  out  the 
difficulties  in  the  way  of  the  hvpothesis  of  mechamcal  water-action, 
such  as  the  frequently  great  depth  of  the  pipes  (upwards  of  fifty 
feet),  and  the  general  absence  of  the  rounded  pebbles  that  should 
have  remained  in  the  cavities  after  having  been  the  immediate 
agents  in  the  perforation,  the  author  (allowing  that  irregularities  of 
the  surface  may  have  been  caused  by  denuding  action)  proceeded  to 
point  out  that  the  pipes  occur  wherever  a  stratum  permeable  to 
water  overlies  the  chalk  or  other  calcareous  rock  to  any  considerable 
extent,  and  suggested  that  they  must  have  had  their  ori^  during 
a  period  when  the  chalk  and  the  superincumbent  tertianes  formed 
an  extensive  tract  of  horizontal  dry  land,  previously  to  the  surface 
aflsuming  its  present  configuration ;  that  at  these  former  periods  the 
tertiary  sands  or  the  gravel  constituted  extensive  water-bearing 
strata,  whilst,  owing  to  me  form  of  the  surface,  the  water-level  in  the 
chalk  stood  at  a  height  very  much  less  than  in  the  superincumbent 
beds ;  consaauently  the  atmospheric  waters,  more  or  less  charged  with 
carbonic  acid,  percolating  freely  through  the  superficial  sandy  beds, 
rested  on  the  chalk,  and  bv  its  tendency  to  find  a  lower  level,  gra- 
duaDv  dissolved  passages  through  the  chalk  to  that  lower  levd  at 
which  water  would  stand  in  the  latter  formation.  The  superincumbent 
sands  or  gravels,  as  the  case  may  be,  gradually  subsided,  more  or 
less  conformably,  into  the  deepening  cavity  caused  by  the  loss  of  the 
chalk  in  the  funnel  or  pipe  below.  When  the  chalk  and  overlying 
tertiary  beds  were  locally  upheaved,  shattered,  and  partially  denuded, 
the  newlv  made  valley-courses  gave  exit,  in  springs  along  their  sides, 
both  to  the  water  of  the  lower  water-level  and  the  water  of  the  super- 
ficial sands  and  gravels  ;  the  sand-pipes  becoming  almost  all  deserted 
as  water-channels,  except  in  such  load  instances,  perhaps,  as  are  now 
seen  where  cavities  are  forming  in  the  chalk  beneath  existing  gravels, 
or  where  **  swallow-holes"  in  the  chalk  contmue  a  somewhat  analogous 
action. — Ft^  eupra,  p.  223. 
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February  1,  1854. 

Charles  Robert  des  Ruffi^res,  Esq.,  Alexander  George  Gray,  jtin., 
Esq.,  George  Milner  Stephen,  Esq.,  Barrister,  and  Edward  Harman 
Sheppard,  Esq.,  were  elected  Fellows. 

The  following  communications  were  read : — 

].  On  the  Geology  of  the  Gtold-bearing  District  of 
Merionethshire,  North  Wales.  By  Prof.  A.  C.  Ramsay, 
F.R.S.,  F.G.S. 

That  part  of  Merionethshire  to  which  this  notice  refers  lies  between 
Dolgelu  and  the  Moelwyn  and  Manod  range,  north  of  Ffestini<^*. 

A  smaU  part  ^f  this  area  has  for  some  years  been  distinguished  by 
discoveries  of  gold,  of  more  or  less  importance.  Its  geological  rela- 
tions are  as  follows : — On  the  N.  and  W.  of  the  lower  part  of  the 
River  Mawddach  lie  the  lower  part  of  the  Lingula-flags  and  the  Cam- 
brian rocks.  The  latter  consist  of  the  coarse,  thick-b^ded,  greenish- 
grey  grits  of  Barmouth  and  Harlech.  Their  upper  boundary  is  marked 
by  a  sinuous  line  which  strikes  in  a  north-easterly  direction  from  Bar- 
mouth to  Rhaiadr-Mawddach,  and  from  thence  trends  northerly  a  little 
E.  of  Trawsfynydd  to  the  turnpike  road  about  a  mile  S.  of  Ffestiniog. 
The  line  then  strikes  S.W.  to  Morfa  Harlech,  on  the  coast  of  Car- 
digan Bay.  These  grits  are  overlaid  by  that  part  of  the  Lower  Silu- 
rian rocks  known  as  the  Lingula-flags,  which  here  consist  mostly  of 
blue  slaty  beds,  generally  more  or  less  arenaceous,  and  partly  inter- 
stratified  with  courses  of  sandstone.  A  well-marked  portion  of  the 
series,  composed  of  rusty  ferruginous  slate,  occupies  part  of  the  cliffs 
of  Moel  Cynwch  that  overhang  Dol-fftwr  on  the  Mawddach. 

Both  Cambrian  and  Silurian  rocks  have  been  penetrated  by  nume- 
rous greenstone-dykes.  Many  of  them  are  of  a  hght  grey  colour  snd 
highly  calcareous.  Others  assume  the  colour  and  texture  of  ordinary 
greenstone.  Some  of  them  are  magnetic.  Among  the  Cambrian 
sandstones  they  run  in  all  directions,  sometimes  with,  but  more 
generally  across,  the  strike.  In  the  Silurian  region  they  more  usually 
run  more  or  less  parallel  with  the  lines  of  bedmng. 

In  the  hard  and  solid  Cambrian  sandstones,  the  fractures  into 
which  they  were  injected  were  capricious  and  irregular ;  while  in  the 
Silurian  shales  they  have  more  frequently  been  intruded  between  the 
beds.  Some  of  them  fill  cracks  which  pass  into  lines  of  lode.  A  case 
of  this  kind  occurs  on  the  N.  and  W.  of  Tyn-y-groes.  A  strong 
lode,  bearing  quartz  and  lead,  commences  between  Dol-y-melynen 
and  the  fifth  milestone  on  the  Dolgelli  and  Ffestiniog  road.  For 
about  three-<}uarters  of  a  mile  it  divides  the  Cambrian  and  Silurian 
rocks.  Passmg  into  the  former  on  Ce&-coch,  the  fracture,  as  it 
crosses  Cndg-y-Cae  and  T-gam,  becomes  filled  with  greenstone. 
Several  other  metalliferous  lodes  occur  in  this  neighbourhood.  They 
all  traverse  the  Lingula-flags  or  their  associated  igneous  rocks.  There 
*  Geological  Survey  Maps,  75  N.E.,  S.E.,  and  59  N.E. 
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are  four  quartz-lodes,  bearing  a  little  copper,  in  a  mass  of  trap  that 
lies  on  the  W.  of  the  road  between  the  third  milestone  and  Tyn-j- 
groes.  One  of  these  at  Cae-nant  runs  £.  and  W.  Three  near  Tan- 
'rallt  run  N.  and  S.  There  are  two  quartz-lodes  with  lead  a  little 
N.E.  of  Moel  Ispri,  and  at  least  seven  similar  lodes  yielding  a  pro- 
portion of  copper  on  the  hills  immediately  N.W.  of  the  Barmouth 
road,  between  Llanelltyd  and  the  fourth  milestone  from  Barmouth. 

The  country  in  which  the  Dol-y-frwynog  mine  hes  is  interesting, 
and  in  part  peculiar.     I  shall  describe  its  geology  in  some  detail. 

Immediately  north  of 
the  third    nulestone   on 
the  Dolgelli  and  Ffestin- 
/      \  iog  roadC  a  mass  of  very 

'  fdspathic       greenstone, 

mentioned  above,  breaks 
through  a  low  part  of  the 
Lingida-beds.  It  occu- 
pies the  heights  on  which 
stand  the  houses  of  Tan- 
'rallt  and  Hafod-y-fedw. 
It  is  about  amile  in  length 
from  N.  to  S.,  and  extends 
from  the  road  aboutthree- 
S  "i^^  ^        quarters  of  a  mile  west- 

S.  ryi'l        i        ^^^'   Three  of  the  lodes 

^  ^  '  -  alreadynoticed  asyielding 
copper  lie  on  its  eastern 
slopes ;  and  I  have  been 
inmrmed  by  my  friend 
Mr.  Byers,  of  Dolcelli^ 
that  a  very  little  gold  was 
•"»M«««v   "  //     l^  ^jj      detected  in  one  of  them, 

in  the  year  1836,  by  Mr. 
O'Neil. 

For  four  or  five  miles 

f^  N.  of  this  area  several 

_  ^  other  lodes  occur  in  the 

Lingula-flags  and  their 
associated  traps,  on  the 
banks  of  the  Mawddach 
and  of  Afon-wen.  The 
accompanying  section  ex- 

Elains  the  geological  re- 
itions   of   part  of  this 
country  that  lies  between 
Rhobell-fawr    and     the 
^  1^^ )  Cambrian  rocks  immedi- 

ately N  .  of  Dol-y-melynen. 
On  the  W.  are  the  Cambrian  grits  (No.  1),  dipping  eastward  at 
angles  varying  from  40^  to  60^.    These  are  overlaid  conformably  by 
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datj  beds  of  UieLmgiik-flass  (No.  2)  tt>f  cracd  by  grecMtone  dykes 
(No.  5)  on  Uie  hills  immraiJitdy  N.  of  Pigsim.    They  are  me- 
eeeded  br  a  mMm  ai  intnishre  greenstooe  (No.  5'),  which  is  bounded 
on  the  N.  bj  an  E.  and  W.  fiuilt  and  lode  on  the  N.  part  of  Moi^ 
Hafod-Owen.     From  this  point  the  greenstone  passes  S.,  with  two 
intermptions,  bj  Tyii-y-Bai-rhos  to  Mod  Cynwdi,  abont  two  miles 
farther  S.     E.  €i  this  greenstcme  are  a  set  <^  ro^  (No.  3),  whii^ 
possess  a  Terj  peculiar  Hthokgical  character,  and  wQth  oocnr  Teiy 
qiaiin^y  cisewhere,  either  among  the  Lingula-fli^  or  in  any  other 
ecological  area  in  Wales.     It  is  in  a  lode  trsTersing  this  '^coontiy'* 
uat  Uie  most  important  ci  the  gold  discoveries  has  lately  been  made. 
The  rock  commences  at  what  may  be  called  the  S.W.  angle  of  Mod- 
Hafbd-Owen,  abore  Boarth.  The  same  E.  and  W.  hah  that  boonds 
the  greenstone,  limits  it  on  the  N.  AHnec^fimlt  drawn  southward  firom 
thence  to  where  the  brooks  join,  nearly  q>ponte  Ddao,  forms  its  east- 
ern bomidary  so  hr.  From  thence  the  Anm-wen  forms  its  bomKlary 
for  nearly  a  mile  and  a  half  S.   It  is  not  improbable  that  this  may  also 
be  a  continuation  ai  the  same  line  of  fimlt.     The  boundary-line  then 
crosses  the  stream,  and  still  passes  southward  to  the  ground  that  lies  be- 
tween Cefii-mawr  and  the  predpitous  rocks  that  orerhang  the  Maw- 
ddach  abore  Dol-y-dochydd.  The  rock  itself  is  (me  of  those  problem- 
atical msfMCS  to  which  it  is  difficult  to  gire  a  definite  name.  In  some 
places  it  is  so  hard  and  massire,  that  a  hand-specimen  is  difficult  to 
distinguish  from  some  of  the  felspathic  tr^M  of  the  na^bouring 
country.   Even  then,  however,  it  is  more  or  less  flaky,  and  constant! j 
passes  into  a  talcose  rock,  which  in  places  at  the  surface  and  in  the 
lodes  decomposes  into  a  kind  of  talcose  unctuous  clay.     In  msmj 
places  it  graauates  in  the  line  of  strike  into  ordinary  slaty  rocks»  whic^ 
then  become  largely  interstratified  with  it.     As  it  passes  southwards  it 
becomes  more  and  more  slaty  and  sandy,  and  passes  by  d^irees  into 
rocks  possessing  all  the  characters  of  the  Lingnla-flags  of  the  dirtrict. 
On  the  E.  it  is  bounded  by  slaty  lingula-nags  (No.  4),  xm  which 
rests  the  massive  greenstone  mass  of  Rhobell-fawr  (No.  b").  The  ordi- 
naiy  Lingula-beds  spread  hr  to  the  northward,  by  Ffestiniog,  towards 
the  southern  slopes  of  the  Manods  and  the  Modwyns.    They  are  dafy 
and  sandy  by  turns.    Several  lodes  occur  in  this  country  in  the  ndgh- 
bourhood  of  DoV-y-frwynog  and  Cwm  Eisoi.     The  gdd  at  Cwm 
Eisen  was  discovered  in  1843,  by  Mr.  Arthur  Dean,  who,  in  a  paper 
published  in  the  Report  of  the  British  Association  for  1844,  also 
stated  "  that  a  complete  system  of  auriferous  veins  exists  throughout 
the  whole  of  the  Snowdonian  or  Lower  Silurian  formations  of  North 
Wdes."   Recmt  events  would  seem,  in  a  slight  d^;ree,  to  verify  this 
bold  assertion ;  but  from  that  date  to  this  time  no  one  has  heretofore 
attempted  to  work  any  mines  in  North  Wales  for  gold«  except  Uiat 
at  Cwm  Eisen ;  nor  have  I  ever  met  with  any  miner  who  has  seen 
any  gold  of  the  alleged  auriferous  veins,  with  many  of  which  I  am 
also  well  acquainted.   Cwm  Eisen  has  been  sevend  times  worked;  but, 
I  believe,  never  with  a  steady  profit.    The  gold  is  found  in  a  branching 
lode  containing  lead.   Its  principal  branch  runs  north-easterly,  and  is 
mostly  composed  of  exceedingly  hard  quartz,  which  crosses  the  river 
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about  half  a  mile  above  Rhaiadr  Mawddach.  Another  quartz-lode, 
beariDK  lead,  occurs  a  little  above  the  waterfall.  A  north-west  lead-lode 
lies  a  fittle  W.  of  Moel-Hafod-Owen ;  and  two  others  (one  of  them 
bearing  silver)  cross  the  river  in  the  same  direction,  about  half  a  mile 
below  the  fall.  They  pass  throueh  arenaceous  slates  and  greenstone. 
Two  N.  and  S.  copper-lodes  cross  me  little  valley  that  lies  between  Moel- 
Hafod-Owen  and  the  hills  behind  Dol-y-frwynog.  Two  others  occur 
on  the  steep  slopes  that  overhang  Afon-wen  on  the  W.,  about  half  a 
mile  S.  of  Dol-y-frwynog.  These  four  are  in  the  talcose  rocks  above 
described.  Several  large  quartz-lodes  traverse  this  country  on  Moel- 
Hafod-Owen.  They  are  in  the  ordinary  Lingula-flags.  The  largest 
is  on  the  £.  flank  of  the  hill.  The  rocks  are  there  much  disturbed 
and  altered,  and  numerous  little  bosses  of  greenstone  are  intruded 
amone  its  beds. 

Bol-y-frwynog  stands  on  the  W.  of  Afon-wen*.  It  lies  in  the 
heart  of  the  talcose  schist,  which  almost  evervwhere  contains  much 
iron-pyrites  in  small  crystals,  scattered  through  the  body  of  the  rock, 
together  with  specks  of  the  yellow  sulphuret  of  copper.  Small  veins 
of  this  ore  are  also  scattered  through  the  mass.  It  was  in  part  of 
this  area,  about  half  a  mile  S.  and  S.W.  of  Moel-Hafod-Owen,  that 
the  famous  Turf  Copper  Mine  was  situated.  A  peat-bog  occupied 
the  greater  part  of  the  bottom  of  the  valley.  The  turf  was  parea  off 
the  surface  and  burned  in  kilns,  and  bemg  partly  saturated  with 
copper,  a  large  residue  of  valuable  ore  was  lefl  in  the  ashes.  Many 
thousand  pounds  worth  were  thus  extracted.  The  hills  have  since 
been  burrowed  in  all  directions  in  search  of  the  great  lode,  or  bunch, 
from  whence  the  copper  was  supposed  by  many  sanguine  adventurers 
to  have  been  carriea  in  solution  to  the  peat.  It  has  never  yet  been 
found,  and  perhaps  does  not  exist ;  the  water  that  percolated  through 
the  rocks  and  rose  in  the  springs  having  more  probably  carried  the 
copper,  in  the  form  of  a  sulphate,  from  mose  minuter  quantities  that 
are  more  or  less  diffused  through  the  mass  of  the  hill  immediately 
above  the  Turf  Mine. 

When  I  inspected  the  geology  of  this  country  in  the  sprine  of 
1853,  the  most  remarkable  and  promisinglode  was  the  new  ffold-lode 
at  Dol-y-frwynog.  The  lode  runs  about  W.N.W.  and  E.S.E.  in  the 
low  ground  S.  of  Moel-Hafod-Owen,  on  the  east  watershed.  It  is 
principally  composed  of  a  white  saccharoid  quartz,  irregularly  tra- 
versed by  numerous  small  loose  Joints.  Chlorite,  decomposing  talcose 
matter,  and  pink  carbonate  of  lime  are  intermingled  with  it.  In 
parts  the  cfoartz  assumes  a  semi-granulated  aspect,  profusely  inter- 
mingled with  soft,  unctuous,  decomposing  talc.  It  is  largely  charged 
vrith  iron-pyrites.  As  a  rule,  the  substance  of  the  lode  is  eamly 
shivered  into  fraement^  a  great  advantage  both  in  the  original 
working  of  the  lode  and  in  subsequent  operations.  It  was  first  opened 
in  search  of  copper ;  and  a  shaft  was  sunk  to  a  depth  of  about 

*  This  stretm  is  inserted,  bat  not  named,  in  the  Ordnance  Map.  It  washes 
the  E.  base  of  Moel-Hafod-Owen  and  passes  throush  a  deep  valley  to  the  Maw- 
ddach, into  which  it  Sows  nearly  opposite  the  fourth  milestone  on  the  Dolgelli 
road. 
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20  fiithoms.  During  the  process,  however,  it  soon  proved  to  contain 
more  attractive  metid.  On  examining  a  heap  of  quartz  which  lay  at 
the  mouth  of  the  shaft,  and  turning  over  a  few  pieces,  I  readily  saw, 
with  the  naked  eye,  gold  in  small  Sakes  and  grams,  irr^;ularly  disse- 
minated through  the  quartz.  In  a  more  select  heap  of  quartz,  on  all 
the  pieces  it  was  distinctly  visible  to  the  unassisted  eye ;  and  one 
mass  in  particular,  heavier  than  a  strong  man  could  lift,  was  literally 

rgled  all  across  its  surfaces  with  ri(£  ghttering  gold.  Crold  has 
been  detected  by  Mr.  Byers  in  the  matrix  of  the  copper-bearing 
lodes  about  a  mile  fiurther  S.,  and  in  the  west  Dol-y-frwynog  lode  by 
the  spot  marked  Turf  Copper  Mine  on  the  map.  All  of  these  occur 
in  the  same  talcose  rock.  It  was  this  peculiar  character  of  the  rocks 
that  induced  me,  in  1851,  to  recommend  my  friend  Mr.  Attwood. 
before  he  started  for  California,  to  go  down  and  examine  this  very 
ground  for  gold.  He  proposed  doing  so,  but  engagements,  conse- 
quent on  his  speedy  departure,  prevented  its  accomplishment.  A 
portion  of  this  rock,  taken  from  the  wall  of  the  Dol-y-firwynog  lode, 
has  been  analysed  in  Dr.  Percy's  laboratory  by  Mr.  Richard  Smyth. 
It  i^elded  no  gold. 

On  the  banks  of  Afon-wen,  about  a  mile  above  the  bridge,  "  are 
some  ruins  of  buildings,  and  below  them,  close  to  the  river,  the 
remains  of  charcoal-aiSies  and  bits  of  bones,  mostly  covered  with 
herbage.  This  place  has  a  verv  singular,  and  in  conjunction  with 
the  late  discoveries,  a  very  significant  name,  which  it  has  maintained 
from  time  immemorial,  expressive  of  gold  having  been  melted  <v 
worked  there.  This  name,  '  Merddyn  Coch  'r  aur,'  signifies  *  the 
ruins  of  red  gold.'  The  tradition  is,  that  the  Romans  formerly 
worked  gold  there.  It  may  be  well  to  observe,  to  those  unacquainted 
with  Wdsh  names,  that  no  ancient  place  has  a  name  but  what  is 
generally  characteristic  of  its  locality,  or  of  some  event  that  has  taken 
place  on  or  near  the  spot*." 

I  may  state,  on  the  authority  of  Mr.  Byers,  that  in  several  spots 
in  this  neighbourhood  where  quartz-lodes  occur,  associated  with  cop- 
per, blende,  lead,  and  talc,  there  gold  has  been  found,  instances  of 
which  he  cites  as  occurring  at  Tyn-y-llwyn,  near  Mod  Ispri,  and 
other  localities,  principally,  I  observe,  in  the  Lingula-flags  between 
Tyn-y-groes  and  the  Mawddach,  towards  Barmouth,  all  in  the  area 
already  cited  in  the  b^;iiming  of  this  paper  as  containing  lead  and 
copper  lodes.  Though  I  know  the  geology  of  this  area  well,  I  have 
no  personal  knowledge  of  the  occurrence  of  gold  in  its  lodes.  It 
is  also  stated  that  gold  has  been  detected  in  several  other  places  N. 
of  Cwm  Eisen  ;  as,  for  instance,  at  Penmaen,  and  at  Gelli-gain,  about 
three  miles  S.S.E.  of  Trawsfynydd ;  also  in  the  Newborough  Mine, 
in  an  £.  and  W.  lode,  immediately  N.£.  of  Manod,  and  on  the  S. 
side  of  Moel-wyn,  in  blende  and  gossan.  I  can  answer  for  none  of 
these  personallv.  The  whole  of  these  lie  either  in  the  Lingula-flagi» 
or  in  the  beds  immediately  adjoining  above  or  below ;  and  they  lend 
some  additional  evidence  to  the  views  that  have  often  been  promul- 
gated by  Sir  Roderick  Murchison. 

*  Mr.  Byen,  of  DolgdU,  MSS. 
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Whether  all  the  reports  in  circulation  of  the  occurrence  of  gold  be 
actually  true  or  not,  it  is  at  all  erents  a  fact  that  at  Dol-y-frwynog  it 
has  been  found  in  an  unusual  quantity,  and  also  that  its  existence  is 
certain  in  various  other  places* .  If  in  the  lodes  a  considerable  amount 
be  scattered  through  the  country,  then  we  should  expect  that  gold 
would  be  detected  by  washing  the  marine  drift  that  rises  on  the 
mountains  of  North  Wales  to  a  height  of  over  2000  feet.  In  this 
drift  it  might  in  places  be  somewhat  concentrated,  partly  by  an 
ancient  natural  process  of  seashore  washing,  partly  by  Uie  more 
modem  action  of  rivers,  as  in  the  case  of  the  stream-tin  of  Cornwall, 
and  of  the  gold  in  the  superficial  deposits  of  the  Ural,  of  Australia, 
of  California,  and  in  those  of  Canada  some  years  ago  discovered  by 
Mr.  Logan.  Grold,  in  appreciable  quantities,  was,  indeed,  found  by 
washing  in  the  bed  of  the  Mawddach,  in  the  summer  of  1852,  by 
the  Honourable  Frederick  Walpole  and  Sir  Augustus  Webster  (then 
Mr.  Webster).  I  think  it  probable  that  in  this  river  attempts  might 
probably  be  most  succesaM  immediately  below  the  confluence  of 
the  Mawddach  with  Afon-wen,  and  in  places  in  the  bed  of  the 
Wen,  on  the  £.  and  S.  water-shed  of  the  ranee  of  hills  that  runs 
from  Tvn-y-Benrhos  northwards  towards  Moel-Hafod-Owen.  In 
favourable  spots  it  might  be  well  worth  the  pains  to  wash  the 
detritus  on  the  Mawddach  between  Dolfawr  and  Y-6elli-gamlyn,  and 
in  the  bed  of  the  Wen  from  thence  to  Dol-y-frwynog.  This  opinion 
is  founded  on  the  fact,  that  the  talcose  rocks  which  the  Dol-y-frwy- 
nog lode  traverses  he  on  the  east  watershed  of  the  above-mentioned 
range ;  and,  if  gold  be  in  them  elsewhere  in  any  parallel  quantity 
between  Moel-Hafod-Owen  and  the  lower  part  of  the  Llanfachreth 
valley,  then  it  might  be  expected  in  the  detritus  in  the  bed  of  the 
stream  between  Dolau  and  Y-GeUi-gamlyn,  nearly  opposite  to  which, 
streams  that  traverse  the  talcose  rocks  empty  themselves  into  the 
Bfawddach. 


2.    On   AURIFBROUS    QuARTZ-ROCK    til    NoRTH   CORNWALL.      By 

S.  R.  Pattison,  Esq.,  F.G.S. 

Thb  parish  of  Davidstowe  in  the  north  of  Cornwall  is  situated  at 
the  edge  of  the  granitic  boss  of  Roughtor.  Next  to  the  granite 
occur  coarse  slaty  rocks,  much  affected  by  quartz-veins,  and  inter- 
rupted by  large  developments  of  trap. 

By  the  aid  of  Spiri/er  Vemeuilii  m  the  slates  at  Trevivian  (which 
I  found  in  the  bed  of  a  water-course  there),  and  obscure  traces  in  the 
limestone  at  Treblaiy,  we  may  confidently  state  that  these  slate-rocks 
are  the  prolongation  of  the  Petherwyn  beds,  which,  with  all  their 
associates,  here  sweep  round  the  northern  flank  of  the  granite.  We 
therefore  characterize  the  district  as  uppermost  Devonian. 

These  slates  are  succeeded,  on  the  east  of  the  parish,  by  still 

*  Since  this  paper  was  written,  rich  discoveries  of  gold  have  been  made  at 
Clogau,  on  the  hills  north  of  the  Dolgelli  and  Bannouth  road.  I  have  also  seen  a 
smdl  spedmen  from  Penmaen,  between  Cwm  Eisen  and  Trawsfynydd.  [July  1854.] 
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ooaner  shales  and  grits,  which,  hy  the  aid  of  phint-fragmenta  in  the 
latter,  are  ranked  as  Carboniferous. 

The  actual  junction  with  the  granite  is  concealed  by  a  coTcring  of 
detrital  matter,  and  similar  beds  occur  insularly  on  the  hill-sides 
throughout  the  district.  This  deposit  is  in  all  cases  unrolled,  and 
evidently  local,  the  result  of  some  action  of  brief  duration. 

The  DeTonian  rocks  dip  at  an  angle  of  about  40°  away  from  the 
mnite,  or  rather  from  a  point  in  advance  of  the  latter,  so  that  the 
district  forms  a  dome  of  elevation,  having  the  high  ground  of  Cadon- 
barrow  (slate)  for  its  centre,  and  connected  with  the  granite  bj  an 
anticlinal  line  ;  one  portion  of  the  dome  dips  into  the  sea,  anotho* 
towards  the  south  in  the  great  Delabole  quarries,  a  third  towards  the 
north,  and  the  other  is  held  up  by  a  connecting  line  towards  the 
granite  at  Roughtor  *. 

The  strike  of  the  beds,  in  a  large  curve  round  the  granite,  not  only 
prevails  in  the  slate-rocks,  but  idSects  the  masses  of  trap,  which,  as 
the  Ordnance  Greological  Map  shows,  are  uniformly  elongated  in  the 
same  direction.  The  small  patches  of  calcareous  matter,  and  even 
the  fissile  slates,  follow  the  same  rule. 

The  small  dvkes  of  trap  are  ordinary  hard  greenstone ;  the  larger 
masses  are  son  chocolate-coloured  and  purple  masses,  occasionally 
vesicular. 

Full  information  on  the  general  geology  of  these  trappean  rocks, 
and  of  the  whole  district,  will  be  found  by  consulting  Professor 
Sedgwick's  Memoir,  in  the  fifth  volume  of  the  Society's  Transactions ; 
Sir  H.  De  la  Heche's  Report ;  and  a  paper  by  the  writer,  on  the 
geology  of  the  Tintagel  district,  published  m  the  Report  of  the  Royal 
Geological  Society  of  Cornwall  for  1847. 

The  Devonian  rocks  here  are  traversed  by  siliceous  bands  in  the 
form  of  veins  of  coarse  quartz.  These  are  subordinate  quartzose 
portions  of  the  slate-rocks ;  not  cross-courses  or  strings,  but  meta- 
morphic  conditions  accompan3ring  fissures  in  the  line  of  the  bedding 
and  strike,  and  attended  with  the  segregation  or  addition  of  varioiu 
minerals.  They  were  produced  by  a  cause  affecting  apparently 
the  whole  mass.  The  veins  are  variable  in  character  as  r^ards  the 
admixtures  present  with  the  quartz.  Trappean  matter  is  often 
visible,  usually  mica,  rarely  pyrites.  In  some  places  the  quartz  is 
much  intersected  by  ferruginous  partings  and  hollows  ;  these  contain 
*'  gossan,"  varying  in  colour  from  light  pink  to  dark  red  and  brown. 
It  is  these  gossamferous  portions,  in  the  vicinity  of  trappean  matter, 
which  have  been  found  to  be  auriferous. 

In  the  summer  of  1852,  the  description  of  gold-rocks  in  Cali- 
fornia led  me  to  examine  very  cursorily  similar  rock-formations  in 
North  Cornwall.  From  a  portion  of  a  quartz-vein  at  Davidstowe  I 
then  obtained  a  trace  of  gold,  and  reported  the  fact  to  the  Geological 
Society  of  Cornwall.  It  is  duly  recorded  in  the  published  Report  of 
that  Society  for  the  year  1852.  I  mention  this  merely  to  show  that 
the  discovery  (if  such  it  may  be  termed)  is  due  to  our  science,  and 
not  to  hap-hazard. 

*  See  Report  of  Cornwall  GeoL  Soc.  1847,  p.  8. 
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Recent  experiments,  made  on  the  gossaniferous  quartz  from  this 
locality,  have  shown  that  it  is  not  merely  auriferous,  hut,  in  some  small 
portions  at  least,  highly  so.  I  forhear,  however,  giving  the  result  of 
experiments  which  are  yet,  as  to  their  scale,  insignificant ;  and  also 
because  I  am  glad  that  our  Society  is,  by  the  existence  of  a  compe- 
tent governmental  department,  quite  reheved  from  all  social  respon- 
sibility as  to  the  economics  of  the  question.  Here  we  may  pursue 
our  researches  in  descriptive  or  theoretical  geology  with  true  philo- 
sophic tranauiUity,  undisturbed  by  the  harsh  cry  of*ciit  bono  V  which 
BO  often  and  so  usefully  checks  us  elsewhere. 


3.  On  the  Physical  Geology  of  the  Himalaya.     By  Captain 
Richard  Strachey,  Bengal  Engineers,  F.R.S.,  F.G.S. 

[Abstract.] 

The  author  having,  in  a  previous  communication  to  the  Society*, 
described  the  geological  structure  of  a  part  of  the  Himalaya  moun- 
tains, in  the  present  paper  he  proposea  to  complete  that  sketch,  at 
the  same  time  taking  a  rather  larger  field  of  view,  offering  some  ex- 
planation of  the  manner  in  which  the  chain  in  general  had  been 
raised  to  its  present  position — first,  with  reference  to  the  mechanical 
action  of  the  forces  m  operation ;  and  secondly,  as  to  the  epochs  at 
which  the  upheavement  took  place. 

Attention  was  first  directed  to  some  of  the  more  prominent  points 
of  the  physical  structure  of  the  great  mountain  mass,  of  which  the 
Himalaya  forms  a  portion.  Among  these  were  specially  noticed : — 
Ist.  The  general  form  of  the  section  of  the  mass,  which  shows  that 
the  Himiuaya  mountains  are  merely  the  southern  slope  of  a  great 
protuberance,  the  summit  of  which  forms  the  table-land  of  Tibet, 
while  the  northern  slope  is  a  mountainous  region,  marked  on  our 
maps  as  the  Koneulun,  similar  to  the  Himalaya,  and  terminating  in 
the  great  plains  of  Central  Asia.  2nd.  The  parallelism  to  one  an- 
other, and  to  the  outer  ed^e  of  the  mountain  area,  of  the  great  ridges 
or  lines  of  elevation  ;  of  £e  great  valleys  or  lines  of  drainage,  which 
are  also  lines  of  rupture ;  of  the  strike  of  the  strata ;  of  the  lines  of 
isneous  action  ;  and  of  the  distribution  of  the  various  deposits,  con- 
sidered both  in  reference  to  their  mineral  character  and  geolodcal 
age.  3rd.  The  arrangements  of  the  dramage,  in  accordance  to  which 
the  crests  of  the  northern  and  southern  slopes  of  the  great  mass  form 
two  main  lines  of  water-shed,  proposed  to  be  termed  the  "Turkish 
and  Indian  Water-sheds,"  to  the  north  and  south  of  which,  respect- 
ively, the  rivers  flow  off  directly  to  the  plains  of  Turkistan  on  the 
one  side,  and  to  those  of  Northern  India  on  the  other ;  while  the 
waters  of  the  summit  of  the  table-land  are  collected  into  two  streams 
alone,  the  Brahmaputra  and  the  Indus,  which  are  discharged  from 

*  Quart.  Jotum.  Geol.  Soc.  vol.  vU.  p.  292. 
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the  mounttins  at  two  distant  points,  at  opposite  ends  of  the  chain. 
4th.  The  constancy  maintained  for  great  distances  along  the  length 
of  the  chain,  both  in  the  geol(^cal  structure,  and  in  the  elevations 
to  which  the  mountains  rise ;  which  last  character  is  particularly 
shown  by  the  almost  perfect  horizontality  of  some  of  the  most  elevated 
stratified  deposits,  by  the  extremely  small  slope  of  the  main  drainage- 
channels  of  the  Tibetan  table-land,  and  by  the  general  similarity  of 
the  altitudes  even  along  the  most  rugged  ridges. 

After  allusion  to  the  question  of  the  reality  of  upheavements,  as 
opposed  to  the  view  which  attributes  elevations  on  the  earth's  surfiftce 
to  subsidences  of  the  lower  parts,  and  having  stated  reasons  for  be- 
lieving that  in  the  present  instance  the  elevation  was  real,  a  review 
was  taken  of  the  igneous  rocks  which  might  appear  to  have  been 
connected  with  the  upheavements  of  these  mountams,  and  the  conclu- 
sion was  arrived  at,  that  none  of  them  were  specially  related  to  the 
last  great  movement  that  had  taken  place. 

Hence  it  was  inferred  that  the  agent  of  elevation  was  probably  a 
development  of  elastic  vapours,  as  has  been  considered  by  Mr.  Hop- 
kins to  be  likely  in  a  general  point  of  view.  The  probability  of 
this  in  the  present  instance  was  shown  to  be  upheld  by  the  extreme 
regularity  of  the  upheavement,  when  r^arded  as  a  whole,  which 
seems  to  indicate  a  fluid  body  as  the  medium  through  which  the 
forces  have  been  applied  to  the  superincumbent  masses ;  while  this 
regularity  also  shows  the  comparatively  great  thickness  of  the  part 
of  the  earth's  crust  that  has  been  raised,  as  compared  to  the  hd^ts 
of  individual  ridges  or  peaks  above  the  eenend  level. 

Assuming  the  general  unity  of  the  upheavement  of  the  whole  area 
as  evident  from  the  consideration  of  the  form  of  the  section  of 
the  mountains,  the  results  of  such  an  upheavement  were  then 
examined  by  help  of  the  principles  laid  down  by  Mr.  Hopldns. 

The  first  of  these  results  was  stated  to  be  a  main  system  of  longi- 
tudinal fissures,  parallel  to  the  major  axis  of  the  elevated  area ;  with  a 
secondary  system  perpendicular  to  the  former.  As  the  manner  in 
which  these  fissures  would  open,  and  all  the  subsequent  effects  of  the 
upheavement,  must  depend  in  great  measure  on  the  state  of  the  in- 
terior of  the  earth,  of  which  we  can  know  nothing  directly,  we  must 
be  guided  in  our  suppositions  on  this  point  by  the  phenomena 
actually  observed  in  connexion  with  the  ruptures  at  the  surface; 
and,  in  the  present  case,  we  seem  to  be  able  to  account  for  many  of 
the  peculiarities  of  structure  already  noted,  by  conceiving  that  the 
sitate  of  the  upheaved  mass,  at  the  moment  of  rupture,  was  similar  to, 
but  just  the  reverse  of,  that  of  a  beam  supported  and  held  down  at 
the  ends,  and  loaded  at  the  centre. 

On  this  hypothesis  we  should  expect  to  find  the  chief  longitudinal 
ruptures  in  the  centre  of  the  area,  with  others  important,  but  in  a 
less  degree,  along  the  margins,  while  there  would  be  two  portions 
intermediate  between  the  axis  and  the  edges,  where  the  tendency  to 
rupture  would  be  a  minimum.  Further,  as  the  tendency  to  trans- 
verse rupture  is  proportional  to  the  amount  of  the  elevation,  it  would 
have  a  minimum  along'  the  edges  of  the  area ;  at  the  same  time,  as 
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in  any  part  of  the  mass,  the  tendency  to  transverse  rupture  would  he 
least  where  the  general  coherency  was  least  disturbed,  we  should  ex- 
pect to  find  fewest  transverse  fissures  on  those  lines  of  Tninimum 
tonntudinal  fracture  just  noticed. 

Comparing  these  theoretical  views  with  the  observed  facts,  we 
find : — 

Ist.  The  existence,  in  a  marked  degree,  of  the  longitudinal  and 
transverse  fissures,  in  every  part  of  the  mountains. 

2iid.  The  more  open  character  and  greater  importance  of  the 
longitudinal  fissures  in  the  centre  of  the  area,  as  evinced  by  the 
direction  of  rivers  on  the  Tibetan  table-land. 

drd.  The  existence  of  an  important  line  of  fissure  along  the  outer 
margin  of  the  Himalayan  slope,  as  proved  by  the  narrow  fnnge  of  the 
latest  formations  that  everywhere  skirts  the  foot  of  the  mountains, 
which  it  is  impossible  to  suppose  could  have  been  raised  as  they  are, 
exoeptii^in  connexion  with  some  larger  mass. 

•jth.  The  occurrence  of  two  lines  of  least  rupture  running  parallel 
to  the  margin  of  the  area,  and  intermediate  between  it  and  the  axis, 
indicated  by  the  Indian  and  Turkish  watersheds ;  these  features 
being  dependent  for  their  existence,  not  on  any  superior  elevation 
that  they  attain  over  other  parts  of  the  chain,  but  only  on  their 
continui^,  and  on  the  few  transverse  fissures  by  which  they  are 
broken  through. 

5th.  The  lew  transverse  fissures  along  the  outer  margin  of  the 
area,  which  affords  a  probable  explanation  of  the  accumulation  of 
the  drainage  of  considerable  areas  of  the  Himalayan  slope,  into  the 
lew  great  rivers  that  pass  through  the  outer  ranges. 

A^r  entering  into  some  details  as  to  the  more  important  lines  of 
fissure,  it  was  remarked  that  the  presence  of  more  fissures  than  may 
seem  to  be  necessary,  or  of  others  not  in  accordance  with  these 
views,  may  be  readily  expected  to  have  been  caused  in  movements 
anterior  to  the  last  great  elevation.  At  the  same  time,  the  general 
parallelism  of  all  the  anterior  movements  to  the  last  is  indicaSted  by 
the  constant  parallelism  of  the  strike  of  the  strata,  the  lines  of  rup- 
ture, the  lines  of  elevation,  and  those  of  the  directions  of  the  strati- 
fied deposits ;  although  a  certain  obliquity  at  the  same  time  does 
exist,  which,  however,  must  be  more  cfosely  examined  before  more 
can  be  said  of  it. 

The  author  then  passed  to  the  chronological  part  of  the  subject 
The  age  of  the  granite  of  the  great  line  of  snowy  peaks  was  first  con- 
sklerra,  and  shown  to  be  probably  anterior  to  tne  Silurian  period ; 
but  doubts  still  remain  on  this  subject,  though  the  occurrence  of 
rolled  pebbles  of  this  rock  in  the  tertiary  deposits  of  the  Tibetan 
table-land,  show  that  the  eruption  was  certainly  antecedent  to  the 
middle  of  the  tertiary  epoch. 

The  existence  of  a  coast-line  along  the  Indian  water-shed,  as  in- 
dicated by  a  conglomerate-bed  at  the  bottom  of  the  Silurian  rocks, 
was  next  noticed,  with  the  presumption  of  the  existence  of  a  northern 
tea,  having  its  boundary  along  this  line  during  the  Silurian  epoch, 
as  well  as  during  the  Jurassic,  and  the  earlier  portion  of  the  Tertiary 
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period.  On  the  southern  edge  of  the  mountains  there  is  nothiii|^  to 
prove  the  boundary  of  the  land  and  sea,  until  the  Tertiary  penod, 
when  the  coast-line  is  found  along  the  general  line  of  the  existing 
outer  hills.  Still,  the  existence  of  fossiliferous  beds  in  the  Salt-range . 
in  the  north  of  the  Punjab,  apparently  synchronous  with  those  of 
the  Indian  water-shed,  seems  to  render  it  probable  that  there  was  a 
Southern  sea,  contemporaneous  with  the  Northern,  extending  oyer  the 
existing  plains  of  North  India,  from  the  remotest  times,  and  leaTing 
an  area  of  dry  land  between  rthem,  on  what  is  now  the  Himalayan 
slope.  The  probability  of  this  area  of  dry  land  is  further  shown  by 
the  almost  toUl  absence  of  fossils  in  these  regions ;  nor  does  the  exist- 
ence of  fossils  at  one  single  point  in  Kashmir,  where  only  have  they 
been  found,  indicate  more  than  an  irregularity  of  the  outline  of  the 
land,  such  as  might  have  been  anticipated. 

Turning  next  to  the  question  of  the  dip,  which,  as  a  general  role, 
is  everywhere  towards  the  axis  of  the  elevation,  it  was  stated  that 
there  appeared  to  be  nothing  to  connect  this  inclination  with  the  last 
elevation,  and  that  it  is  more  probably  due  to  some  of  the  earlier  move- 
ments of  the  surface.  It  was  shown  how  an  inclination,  having  been 
once  imparted  to  any  dislocated  mass  of  the  earth's  crust,  any  sub- 
sequent motion  would  most  likely  maintain  it,  or  even  add  to  its 
amount ;  for  the  tilting  of  a  mass  displaces  the  position  of  the  centre 
of  gravity,  so  that  it  is  no  longer  immediately  over  the  centre  of  the 
base  of  the  mass,  at  which  the  resultant  of  all  elevating  forces  will 
act ;  and  hence,  in  any  subsequent  elevation,  the  wdght  of  the  mass 
will  tend  to  make  it  revolve,  by  the  relative  descent  of  the  centre  of 
gravity,  and  ascent  of  the  point  of  application  of  the  elevating  forces, 
which  will  evidently  tend  to  increase  the  dip. 

The  dip  of  the  outer  hills,  however,  which  is  almost  evenr- 
where  towards  the  interior  of  the  chain,  just  as  is  the  case  with  the 
rest  of  the  mountains,  cannot  be  attributed  to  these  older  movements, 
for  these  ranges  are  among  the  most  recent  of  the  whole ;  nor  is 
there,  at  first  sight,  any  very  evident  connexion  between  the  dip  that 
they  might  be  supposed  to  assiune,  and  that  of  the  older  ranges 
beyond  them.  The  phenomenon  may,  however,  perhaps  be  ex- 
plained, b^  supposing  that  the  fissure  which  we  have  reason  to  be- 
lieve to  exist  along  the  foot  of  the  mountains  was  originally  covered 
up  by  the  deposits  which  now  form  the  outer  hills,  when  the  ocean 
extended  over  the  plains  of  Northern  India.  An  upheavement  of 
the  mountains  alone,  the  general  sea-bottom  remaining  unmoved, 
would  naturaUy  terminate  at  the  fissure,  and  a  narrow  fringe  of  the 
younger  beds  would  be  raised  on  the  flank  of  the  older  mass,  to  which 
a  dip  the  same  as  that  of  the  older  mass  might  be  imparted,  by  that 
tendency  to  revolve  already  explained.  The  repetition  of  this  process 
would  make  a  succession  of  ranges,  such  as  are  seen  in  the  outer 
hills,  apparently  dipping  under  one  another  and  the  older  beds,  of 
the  fragments  of  which  they  are  evidently  made  up,  in  an  inverse 
order. 

The  paper  concluded  by  a  recapitulation  of  the  progress  of  the 
Himalayan  chain,  as  far  as  it  could  be  traced,  from  tne  earhest  geo- 
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logical  period  to  the  present  time.  In  this  was  pointed  out  the 
probahle  existence  of  land  with  mountains  already  of  considerable 
altitude,  in  the  earliest  ages ;  and  to  the  general  elevation  of  these 
older  heights  with  the  rest  of  the  area,  the  position  of  the  great  line 
of  Himalayan  peaks  was  attributed,  rather  than  to  any  special  energy 
of  upheaval  along  that  particular  line  in  any  of  the  later  changes. 
Until  the  commencement  of  the  Tertiary  period  we  can  say  little  of 
the  state  of  the  area,  but  then  the  nummulitic  sea  may  be  traced  ex- 
tending across  the  greater  part  of  Southern  Asia,  through  Asia  Minor, 
Persia,  and  Afghanistan,  and  along  the  foot  of  the  Himalaya,  even 
to  the  Khasiya  hills,  east  of  Bengd.  The  mountain-area  above  the 
level  of  the  sea  was  at  this  time  probably  restricted,  for  the  traces 
of  the  ocean  of  that  period  have  been  found  in  Tibet,  at  a  place 
where  a  pass  now  rises  to  a  heieht  of  1 6,500  feet.  At  the  close  of 
the  nummulitic  period,  a  general  elevation  seems  to  have  taken  place 
over  all  Southern  Asia,  and  the  table-land  of  Afghanistan  was  finally 
raised  above  the  Southern  sea,  which,  however,  still  swept  over  the 
whole  of  the  existing  plains  of  India ;  while  the  Caspian  probably 
extended  over  all  the  steppes  of  Western  Turkistan,  to  the  foot  of 
the  Hindu-kdsh.  To  the  north  of  the  Himalayas,  the  Northern  sea 
appears  to  have  covered  the  table-land  of  Tibet,  occupying  long 
fiords  or  estuaries  between  the  mountain-ranges,  which  had  already 
commenced  to  rise. 

By  the  middle  of  the  Tertiary  epoch  the  Siwalik  Range  had  been 
brought  into  its  existing  position,  the  whole  of  the  great  Tibeto- 
himalayan  system  had  been  greatly  raised,  and  the  upward  motion 
extended  to  the  basin  of  the  Caspian,  which  sea  was  now  separated 
from  that  of  Aral.  But  the  Indian  Ocean  probably  still  covered 
the  northern  plains  of  India,  nor  was  it  until  long  after  that  it  retired 
to  its  existing  shores.  Finally,  the  evidences  of  the  diminution  of 
the  Himalayan  glaciers  in  the  existing  epoch,  which  are  to  be  met 
vrith  at  all  parts  of  the  chain,  were  attributed  to  the  change  of 
climate  that  must  have  accompanied  this  last  change  of  the  marine 
area,  by  which  the  conditions,  becoming  more  continental,  the  sum- 
mer temperatures  would  be  raised,  and  the  fall  of  snow  diminished. 
This,  therefore,  might  have  had  the  effect  of  causing  the  snow-line 
and  elaciers  to  recede,  although  the  actual  elevation  of  the  mountains 
had  been  increased  about  1000  feet. 
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February  22,  1854. 

Charles  Lindsay,  Esq.,  C.  H.  Burbidge  Hamlej,  Esq.,  and  James 
Augustus  Caley,  Esq.,  C.E.,  were  elected  Fellows, 

The  following  communication  was  read  : — 

On  the  Geology  of  the  Mayence  Basin. 
By  William  J.  Hamilton,  Esq.,  Sec.  Greol.  Soc. 

Contents. 
Introduction,  p.  254. 

Pan  I. — Extent  of  the  Mayence  Basin  and  stradgraphical  aoconnt  of  its  different 
constituent  beds,  p.  255. 
Extent  of  the  area  occupied  by  the  Mayence  Tertiaries,  p.  255. 
Description  of  the  strata,  p.  257. 
Basement  rocks ;  red  sandstone,  &c.,  p.  257. 
Tertiary  rocks : — 

I.  Marine  Sand  and  Quartz-conglomerate,  p.  260. 
U.  Lower  blue  Brown-coal  Clay;  Cyrena-clay,  p.  265. 

III.  Cerithium-limestone,  p.  266. 

IV.  Littorinella-limestone,  p.  268. 

V.  Upper  blue  Brown-coal  Clay,  p.  271. 
VI.  Leaf-bearing  Clay,  p.  272. 
VII.  Ossiferous  Sand,  p.  272. 
Part  II. — On  the  Zoological  Characters  and  Age  of  the  Marine  Molluscous  Fauna 
of  the  Mayence  Basin,  p.  273. 
Table  I.  Mollusca  of  the  Marine  Sands  of  the  Mayence  Basin,~p.  274. 
Table  II.  Fossils  of  the  Cyrena-clay,  p.  280. 
Table  III.  Fossils  of  the  "  Freshwater  Limestone ''  of  the  Germans, 

p.  281. 
Table  IV.  Fossils  of  the  Cerithium-limestone,  p.  282. 
Table  V.  Fossils  of  the  Littorinella-limestone,  p.  284. 
Table  VI.  Fossils  of  the  Ossiferous  Sand,  p.  285. 
Part  III. — On  the  Ancient  Geographical  Character  and  Connection  of  the  Sea  in 
which  the  Marine  Fauna  of  the  Mayence  Basin  was  deposited,  p.  288. 
Comparison  mth  the  Tertiaries  of  Belgium,  France,  Switzeriand,  the 
Vienna  Basin,  the  Brown-coal,  Magdeburg,  Ba?aria,  and  Wurtem- 
berg,  p.  289  et  $eq. 
Conclusion,  p.  293. 

Introduction. 

The  insulated  position  of  the  Mayence  Basin  and  the  abundance  of 
its  fossil  remains,  particularly  the  marine  molluscous  fauna,  had  long 
ago  invested  it  witn  an  interest  for  the  geologist  far  beyond  what  its 
limited  extent  would  have  led  us  to  anticipate ;  and  which  the  in- 
vestigations of  the  last  few  years,  while  they  have  made  us  better 
ac([uainted  with  its  fossil  contents,  have  not  yet  exhausted. 

Since  the  time  when  Brongniart  first  called  attention  to  the  fossils 
of  the  Weisenau  strata*,  the  geologists  of  Frankfort,  Wiesbaden, 
Darmstadt,  Mayence,  Hanau,  and  other  places  in  the  neighbourhood 
have  contributed  their  share  towards  the  investigation  of  the  peculiar 
features  of  this  formation.  The  results,  however,  are  not  generally 
known  in  this  country ;  and,  having  lately  had  several  opportunities 

*  Memoirc  sur  les  Terrains  superieurs  calcareo-trappeens  du  Vicentin.  et  sor 
quclques  Tenains  d'ltalie,  de  France,  d'AUemagne,  &c.  4to.  Paris,  1823. 
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of  visitiiig  some  of  the  most  interesting  localities  in  the  district,  I 
propose  in  the  following  remarks  to  lay  before  the  Society  the  results 
of  my  inquiries.  The  subject  is  as  yet,  however,  far  from  being  ex- 
hausted ;  many  localities  require  a  more  searching  examination ;  the 
fossils  need  a  more  careful  and  exact  comparison  with  those  of  other 
terdary  districts ;  and  the  relations  of  the  formations  to  those  of  the 
north  of  Germany  demand  further  examination. 

I  propose  in  the  following  observations,  in  making  which  I  have 
been  inoebted  for  many  valuable  su^stions  to  Mr.  R.  A.  C.  Austen, 
who  accompanied  me  on  my  last  visits  to  Hochheim  and  to  Alzey, 
m  the  first  place,  to  describe  the  physical  features  of  the  district  and 
the  stratigraphical  position  of  the  miferent  beds ;  secondly,  to  ^ve 
an  account  of  the  palaeontological  contents  of  the  beds  in  question, 
with  a  special  reference  to  the  marine  moUusca ;  and  thirdly,  I  shall 
conclude  with  some  remarks  on  the  original  position  of  this  marine 
Imsin,  its  probable  connection  with  a  former  ocean,  and  the  means  by 
which  it  has  been  brought  into  its  present  relative  position. 

Part  I. 

Extent  of  the  Mayencb  Basin  and  Stratigraphical 
account  of  its  different  constituent  beds. 

Extent  of  the  area  occupied  by  the  Mayence  Tertiariee, — The 
district  to  which  the  term  Mayence  Basin  nas  been  applied  forms 
the  extreme  northern  limit  of  tnat  portion  of  the  great  vaUey  of  the 
Rhine,  which  extends  in  an  almost  N.  and  S.  curection  from  the 
northern  flanks  of  the  Jura  to  the  southern  or  south-eastern  flanks 
of  the  Taunus  and  the  Hundsriick  (see  Map,  fig.  1).  It  is  in  fact 
DO  basin  in  itself,  although,  in  one  sense,  the  whme  of  the  dqiressed 
Rhine  Valley,  bounded  on  the  W.  by  the  mountains  of  the  Vosges, 
the  Haardt,  and  Mont  Tonnerre,  and  on  the  £.  by  the  mountains 
of  the  Schwarzwald  and  of  the  Odenwald,  might  not  inappropriately 
be  so  called.  The  general  character  of  this  valley  is  well  exhibited 
m  the  excellent  relief-maps  of  Bauerkeller  and  of  Uavenstein. 

The  so-called  Mayence  basin  itself  stretches  in  a  general  direction 
from  W.S.W.  to  E.N.E.,  commencing  between  ELreutznach  and  Alzey 
on  die  S.  side  of  the  Hundsriick,  and  extending  to  the  N.E.  or 
E.N.E  along  the  S.  flank  of  the  Taunus  beyond  Frankfort  and 
Hanau  into  the  Wetterau,  a  distance  of  from  60-70  English  miles. 
Its  western  limit  rests  against  the  Carboniferous  formation  of  the 
Donnersberg,  and  the  numerous  porphyritic  outbursts  which  charac- 
terize that  country ;  while  its  northern  beds  repose  against  the  talc- 
ilates  and  sericit-slates  of  the  Taunus.  To  the  S.  and  £.,  the  forma- 
tion gradually  disappears,  partly  in  consequence  of  the  gentle  dip  of 
the  beds  in  that  direction,  and  partly  owing  to  the  abrading  action 
of  the  waters  of  the  Rhine,  which  now  waeii  its  low  escarpments  or 
cliffs.  To  the  S.,  the  tertiary  formation  extends  beyond  Neustadt 
to  Landau,  gradually  thinning  out,  and  in  a  few  places  only  leaving 
insulated  patches  acfhering  to  the  flanks  of  the  Haardt  mountains, 
and  forming  steep  cliffis  or  escarpments  to  the  eastward,  which  will 
be  more  distinctly  pointed  out  hereafler. 
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Fig.  i.— geological  MAP  OF  THE  MAYENCE  BASIN. 


Digitized  by 


Google 


1854.] 


HAMILTON — MAYSNCE  BASIN. 


257 


Table  of  Signs. 
[This  map  is  taken  firomM.F.  VoHz's  Geological  Map  of  the  Grand-dachjof  Hesse.] 


AlluTtum. 


OnlfcroiM  MDds. 


littorioella  limeitone. 


H 


Bunter 


Lower  R«d  Sandatone. 


Coal-fonnatioo. 


Spirlfer.MiulatODe. 


lili 


jl  Taunui  rocks. 


Oreeoatooe. 


Porpbyrj. 


Marine  landf  h  oongtomemtcf . 


.  Outline  of  the  fbrmatioiM. 


C.  Post-pliocene <  ,' 


Description  of  the  Strata. — The  following  Tabular  statement  of 
the  nomenclature  of  the  deposits  of  the  Majence  Basin,  adopted  in 
this  paper,  will  facilitate  a  reference  to  the  ^tions. 

Loess. 
Gravel. 

Ossiferous  sand. 

Upper  or  leaf-bearing  sandstone. 

Upper  blue  Brown-coal  clay. 

Littorinella-limestone. 

Cerithium-limestone. 

Lower  blue  Brown-coal  clay,  or  Cyrena- 

clay. 
Marine  sand  and  quartz-conglomerate. 


B.  Tertiary - 


^7. 
6. 
5. 
4. 
3. 
2. 


A. 


^N^'^T:.!'^^.^.!!}  ^^  ««^dstone,  &c. 


A.  Basement  Rocks. 
Carboniferous,  or  Lower  Red  Sandstone, — Tlie  lowest  tertiary  de- 
posit inyariably  rests,  wherever  its  basis  has  been  observed,  on  red 
and  yellow  micaceous  sandstone,  which  occurs  as  great  underlying 
spurs,  particularly  in  the  neighbourhood  of  Weinheim  and  ^on- 
hcim,  as  seen  in  the  sections,  figs.  2,  3,  4  (see  page  258)  ;  it  forms 
a  portion  of  the  Coal-measures,  which  are  extensively  developed  round 
the  base  of  the  porphyritic  mountain  of  the  Donnersberg. 
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Spun  of  this  red  sandstone  must  ha?e  extended  from  the  Donners- 
berg  eastward  into  the  ancient  sea,  from  the  wearing  away  and  dis- 
integration  of  which  rocks  the  marine  sands  appear  to  haye  been  prin- 

Fig.  2.^Section  of  the  "  Marine  Sands,''  near  Flonheim. 


Sand-pit  in 
the  Marine 
Sandi^bout 
40  feet  deep. 


A.  Red  Sandstone,   quarried 
here  for  mlltelubea,  Ac 


s.  Soil. 

d.  Fine  Mnd. 

c.  Sand  with  bonet  (boneubed). 

A.  L«Me  nnd,  wHh  Ot^rea,  Pecten,  and  Shark' 

a.  GraTcl  and  quarts-oonglomerate. 


••teeth.  I 


B.  1.  Marine  Sands. 


Fig.  3.— Section  of  the  "  Marine  Sands,"  near  Uffhofen, 


UfThofen. 


Skeleton  of  the  Halianasu 
found  here  In  the  Sand-pit. 


A.  Red  Sandstone. 
References  as  in  Fig.  S. 


Fig.  4. — Section  of  the  **  Marine  Sands'*  and  ''Cyrena  Clay," 
resting  on  the  Red  Sandstone,  at  JFeinheim. 

CSoil. 
B.  S.  Clay. 

J-}Sand..  1 

a.  Grard,  with  OyKters,  f  *•'* 


Shark's  teeth,  Ac 


A.    { 


CartxmiftitNu  tandstooe 
and  shales. 
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cipally  derived ;  and,  although  the  distinction  between  them  was  at 
one  tune  oyerlooked,  these  underlying  sandstones  are  mineralogically 
distinct  from  the  tertiary  sands  and  sandstones.  The  former  are 
generally  thin-bedded,  micaceous,  and  interstratified  with  bands  of 
black  argillaceous  shale ;  and  I  have  never  seen  or  heard  of  any 
fossil  remains  having  been  found  in  them.  Of  the  Sections,  that  of 
Weinheim,  fig.  4,  p.  258,  is  the  most  complete.  In  this  section,  A 
shows  the  Carboniferous  sandstone,  separated  by  thin  bands  of  black 
argillaceous  shale ;  in  which  no  orgamc  remains  could  be  detected. 
In  places  it  is  much  shattered,  and  traversed  by  faults  and  cracks. 
It  IS  overlaid  by  the  "  Marine  Sand  "  (B.  I  a),  which  is  the  lowest 
member  of  the  tertiary  formation  of  the  district. 

We  have  here  abundant  evidence  that  the  Carboniferous  or  red 
sandstones  form  the  base  on  which  the  marine  formations  of  the 
Mayence  basin  were  deposited ;  and  they  were  penetrated  in  various 
localities  by  porphyritic  masses  previously  to  the  deposition  of  the 
marine  bedfs,  inasmuch  as  the  latter  sometimes  repose  directly  upon 
the  porphyries.  These  marine  beds  also  mark  the  commencement 
of  tne  tertiary  period  in  this  district ;  and,  appear  to  be  confined 
to  its  north-western  extremity. 

One  of  the  spurs  of  this  red  sandstone  which  forms  the  nucleus  of 
the  range  of  hills  between  Alzey  and  Flonheim,  and  is  penetrated  in 
several  places  by  outbursts  of  basaltic  or  porphyritic  rocks,  extends 
in  a  N.£.  direction  from  the  Donnersberg.  The  prolongation  of 
this  ridge  of  hills  in  the  same  direction,  nearly  brings  us  to  a  con- 
spicuous hill  of  red  sandstone  between  Nackenheim  and  Nierstein  on 
the  banks  of  the  Rhine.  An  excavation  near  the  summit  of  the 
table-land  near  Nierstein,  which  I  visited  some  years  ago,  brought  to 
lif^ht,  in  the  midst  of  the  opening,  a  laree  mass  of  basalt  which  had 
penetrated  the  red  sandstone,  and  was  uie  probable  cause  of  its  up- 
beaval  (see  fiff.  11,  page  270). 

The  remarkable  appearance  of  these  red  cliffs  between  the  hills  of 
white  Cerithium-limestone  on  either  side  had  frequently  attracted  my 
attention.  They  appeared  to  be  overlaid  by  the  Cerithium-limestone, 
and  I  therefore  determined  last  summer  to  visit  the  locality,  ex- 
pecting there  to  find  a  junction-bed  between  it  and  the  overlying 
rocks.  I  was  also  desirous  of  ascertaining  whether  it  had  formed  an 
island  or  at  least  a  promontory  in  the  tertiary  sea,  or  whether  it  had 
been  subsequently  elevated.  If  the  latter,  it  must  have  brought  up 
the  marine  sands  with  it  in  a  tilted  position,  and  I  might  then  expect 
a  rich  harvest  of  new  species  from  this  new  locaUty :  if  an  island,  I 
hoped  to  find  traces  of  the  old  sea-beach.  I  proceeded  accordingly 
to  Nackenheim,  and,  ascending  the  red  sandstone  hill  behind  the 
village,  I  found  it  to  be  principdly  a  micaceous  sandstone  alternating 
with  marly  beds,  the  sandstone  sometimes  forming  nodules  in  the 
marl,  and  the  whole  dipping  about  10^  N.N.E.  In  some  of  the 
ravines  behind  the  village  I  found  that  the  overlying  beds  consisted 
of  thick  masses  of  loess  instead  of  limestone ;  neither  this  latter  nor 
the  marine  sands  appeared  anywhere  to  overlie  the  red  sandstone. 
There  was,  therefore,  every  reason  to  believe  that  the  red  sandstone  in 
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question  must  haye  been  an  island  or  promontory  in  the  tertiair  sea ; 
on  further  search^  I  found  in  the  valleys  the  ''loess,"  resting  in 
^neral  directly  on. the  red  sandstone,  but  occasionally  separated  from 
it  by  a  bed  of  shingle  or  grayel,  in  which,  in  a  few  places,  I  found 
fragments  of  marine  bivalyes,  amongst  which  were  chiefly  Pectum^ 
cuius  and  a  single  yalye  of  Nucula  LyeUiif  thus  clearly  proTiug  even 
here  the  existence  of  a  true  marine  beach.  Further  w^  or  inland 
from  the  river,  the  red  sandstone  is  so  covered  up  by  "  loess "  that 
there  was  no  opportunity  of  finding  any  junction  between  it  and  the 
tertiary  formation,  except  beds  of  small  pebbly  gravel,  probably  much 
more  recent. 

B.  Tertiary  Formation. 

The  following  series,  in  an  ascending  order,  is  given  in  all  the 
German  works  on  the  Mayence  basin"" : — 

1.  Marine  sand  and  quartz-conglomerate. 

2.  Lower  blue  brown-coal  clay. 

3.  Freshwater  limestone. 

4.  Cerithium  limestone. 

5.  Littorinella  limestone. 

6.  Upper  blue  brown-coal  clay. 

7.  Upper  or  leaf-bearing  sandstone. 

8.  Ossiferous  sand. 

The  introduction  of  the  Freshwater  limestone  (No.  3)  into  the 
above  list  appears  to  me  an  error.  It  tends  to  encourage  the  idea 
that  we  have  here  a  system  of  alternation  of  marine  and  freshwater 
formations,  as  in  the  London,  Hampshire,  and  Paris  basins,  an  idea 
which  the  evidence  does  not  in  any  way  justify.  I  shall  therefore 
omit  it  in  the  following  description^  merely  stating  where  the  land- 
molluscs  occur  which  have  given  rise  to  this  nomenclature. 

B.  1.  Marine  sand  and  quartz-conglomerate.    (List  at  p.  257.) 

'  This  is  unquestionably  the  lowest  member  of  the  tertiary  series ; 
it  is  frequently  non-fossiliferous  ;  near  Weinheim,  however,  some  of 
the  beds  contain  numerous  fossils.  The  section  (fig.  4)  exhibits  a 
bed  of  sand  and  gravel  (B.  la)  about  a  foot  thick,  containing  a 
great  number  of  Sharks' -teeth,  some  bones  of  fish,  and  Oetre^B,  in 
many  places  still  adhering  to  the  underlying  rock.  Above  this  is  a 
Ihin  bed  of  fine  sand  (B.  1  6),  overlaid  by  ckys  (B.  2),  belonging  to 
the  blue  day  of  the  brown-coal  formarion,  which  on  the  opposite  hill, 
called  the  Sommerberg,  contains  a  great  abundance  of  Cerithmm 
margaritaceum  and  Cyrena  eubarata. 
Wherever  fossils  are  abundant,  as  in  the  neighbourhood  of  Wein- 

*  Walckner's  Geognosie,  2nd  Edit.  Uebersicht  der  geologischen  Verhaltiiiate 
des  Gross-Herzogthum  Hessen,  v.  Friedr.  Voltz,  Mainz  1852.  Uebenicht  der 
geologischen  Verhaltnisse  des  Herzogthum's  Nassau,  y.  Dr.  FMd.  Sandboy, 
Wiesbaden  1847.  Untersuchungen  iiber  das  Mainzer  Tertiar  Bed^en,  v.  Dr.  F. 
Sandberger,  Wiesbaden  1853  (published  and  received  in  London  long  after  the 
commencement  of  this  paper). 
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beim,  this  sand,  which  is  there  coarse  and  shelly,  alternates  with 
beds  of  hard  compact  limestone,  also  fossiliferous,  although,  in  such 
cases,  it  is  almost  impossible  to  extract  their  contents.  A  few  miles 
S.W.  of  Weinheim,  between  the  villages  of  Offenheim  and  Becken- 
beim,  is  a  good  section  of  this  marine  sand,  overlaid  by  thin  beds 
of  blue  and  mottled  clays,  close  to  the  very  edge  of  the  basin,  as 
shown  in  the  neighbouring  ouarry  (only  a  few  paces  above  it)  of 
micaceous  sandstone-grit,  evidently  belonging  to  the  Carboniferous 
system.     The  accompanying  section,  fig.  5,  will  show  the  relative 

Fig.  5.^Section  of  the  "Marine  Sands*'  and  "  Cyrena  Clay  J* 
w  ^  E. 

%  • 

i 


A.  Micactoui 
■andaUNie. 


|Ba. 

s.  Sou. 
B.S.  CTreiuucUy. 
B.  I.  Marine  lands. 

position  of  these  beds.  This  spot,  which  had  been  opened  apparently 
as  a  sand-pit,  offered  the  following  section  in  descending  order : — 

ft  in. 

Upper  blue  clay,  with  septaria 0  4 

Brown  clays  1  0 

Second  band  of  blue  clay  0  1 

Brown  clay,  with  small  nodules  of  phosphate  of  lime  7  .  11 

Ferruginous  clay    0  4 

Lowest  blue  clay,  with  traces  of  vegetable  matter    ....  0  9 

Ferruginous  clay    0  4 

Ferruginous  sand 3  4 

White  sand,  with  ferruginous  streaks   10  0 

— ^the  latter  in  fact  extending  to  the  bottom  of  the  pit,  as  far  as  was 
exposed,  and  probably  much  deeper.  It  should  be  observed,  that 
in  this  pit  we  found  no  fossils  whatever,  nor  even  a  pebble  or  other 
extraneous  matter.  To  th^  E.  and  S.E.  the  same  beds  are  seen 
stretching  away  from  the  ancient  shore,  and  increasing  in  thickness ; 
and  at  no  ereat  distance  we  found  in  a  bank  by  me  road-side  a 
section  neany  on  the  same  level  as  the  sand-pit,  m  which  the  clays 
abounded  wiUi  Cerithium  margaritaceum,  anotner  smaller  Cerithium^ 
probably  C.plieatum,  Cyrena  eubarataytai^  a  small  Ostrea,  proving 
these  ciays  to  be  the  same  as  those  which  near  Weinheim  and  else- 
where overlie  the  marine  sands,  and  belong  to  the  lower  brown- 
coal  formation  or  Cyrena-marl  of  the  German  geologists. 

The  lower  or  true  marine  formation  extends,  or  rather  has  hitherto 
been  observed,  only  over  a  smaU  portion  of  the  Mayence  district.    It 


Digitized  by 


Google 


262  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [Feb.  22» 

dips  slightly  to  the  east,  and^  commencing  at  the  western  extremity 
of  the  r^on>  either  soon  thhis  out  or  is  Tost  mider  the  more  recent 
accumulations  of  the  tertiary  period.  It  has  never  been  observed  in 
the  sections  or  (quarries  near  Mayence,  nor  does  it  occur  on  the  right 
bank  of  the  Rhme.  It  may  be  said  to  be  confined  to  a  small  trad 
of  country  in  the  neighbourhood  of  Weinheim,  near  Alzey,  and 
about  Fiineld,  Uffhofen,  Flonheim,  and  a  few  other  localities  m  that 
r^on ;  it  may  also  be  occasionally  traced  in  small  patches  along  the 
hm-range  to  the  south  towards  Diirckheim  and  Neustadt,  but  with- 
out fos^ls,  with  the  exception  of  a  small  spot  near  Diirckheim, 
underlying  the  Cerithium-limestone,  where  I  found  a  bed  of  Punue, 
which/  however,  were  difficult  to  extract.  They  lie  in  a  white  and 
incoherent  sand,  and  the  shells  are  generaUy  as  incoherent  and 
friable  as  the  sand  itself,  with  the  exception  of  a  few  small  masses 
cemented  together  by  a  more  calcareous  matrix.  This  is,  I  believe, 
the  only  locality  where  Pinna  has  been  found  in  this  formation. 

Associated  with  this  Pinna-sand  is  a  bed  of  red  ferruginous  clay, 
containing  large  septaria,  but  I  was  unable  to  ascertain  the  relative 
position  of  the  two  beds  in  consequence  of  the  broken  nature  of  the 
ground,  and  their  not  occurring  in  the  same  section.  Both  are, 
however,  below  the  Cerithium-limestone,  and  the  section  seen  near 
fieckenheim  affords,  I  have  no  doubt,  the  true  explanation  of  their 
occurrence,  viz.  that  the  Pinna-sand  represents  the  marine  sands ; 
and  the  clay  with  septaria,  the  lower  brown-coal  formation  or  Cyrena- 
marl. 

The  two  sections  of  the  true  marine  formation  in  the  vicinity  of 
Weinheim,  near  Alzey,  are  so  much  more  important  in  respect  of 
their  fossil  contents  than  any  others  in  this  formation,  that  a  more 
detailed  notice  of  them  is  perhaps  necessary.  The  first  locality, 
fig.  6,  is  on  the  high  road,  a  few  hundred  yards  to  the  £.  of  Wein- 
heim.  The  rocks  here  form  a  low  broken  escarpment,  serving  as 
the  northern  boundary  of  a  small  valley,  watered  by  the  stream 
which  flows  through  .Aizey.  On  the  south  the  ground  rises  gradually 
over  the  undulating  hill  of  the  Sommerberg  to  the  general  table- 
land of  the  country,  which  consists  of  the  overlying  Cerithium-lime- 
stone. The  marine  beds  themselves  dip  very  slightly  to  the  £.  and 
S.E.,  and  on  approaching  the  village  of  Weinheim  they  are  seen 
reposing  directly  on  a  dark  greenish  trappean  rock. 

Such  igneous  rocks,  it  may  be  here  observed,  are  very  abundant 
throughout  this  district,  particularly  towards  the  Donnersberg,  and 
in  the  direction  of  Kreuznach,  appearing  as  porphyry,  melaphyr,  or 
greenstone,  and  frequently  contaming  eeodes  of  agate  and  tabular 
veins  of  chalcedony.  Sometimes  they  have  cut  through  the  under- 
lying red  or  carboniferous  sandstone,  at  others  they  have  only  caused 
the  elevation  of  the  sedimentary  rocks,  but  they  are  all  anterior  to 
the  deposition  of  the  tertiary  beds. 

The  section,  fig.  6,  represents  the  general  appearance  of  the  beds 
opposite  the  Wirthsmuhie.  A  hard  bed  of  compact  limestone  rests 
rather  irregularly  against  the  trap-rock.  It  contains  a  few  remains 
of  ChtreOf  Peetuncukis,  &c.     Over  it  is  a  loose  shelly  sand,  3  or  4  feet 
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in  thickness,  in  which  the  greatest  number  of  shells  is  found ;  the 
lower  portion  in  particular  is  almost  a  complete  mass  of  such  remains, 

Kg.  6. — Section  of  the  "  Marine  Sands  "  (B.  1),  near  Weinheim  ; 
opposite  the  WirthemUhle.     Height  of  Section  about  20  feet. 


Trap-rock. 

6.  GrBTel. 

5.  Calcareous  Mod ;  Peehmeuiiu^  abundant 

4.  Shelly  ftand.    (At  about  thii  level  on  the  opposite  side  of  the  TftUey,  the  Cyprhm  rottmdaia 

ocean ;  fig.  70 

5.  HanUMdded  limestone  ;  Pectwuruhu  erassus,  &c. 
S.  SheDy  sand ;  Satiea  riganiea^  &c. 

1.  CompaoC  Umestone.    Few  Ottrete, 


many  of  which  are  broken,  while  others  have  their  valves  pierced  by 
borers,  showing  that  they  were  probably  already  dead  before  they 
were  washed  into  this  locality.  Those  in  the  upper  portion  are 
better  preserved. 

This  shelly  sand  is  again  overlaid  by  a  compact  hard  calcareous 
sandstone,  in  which  the  large  Pectunculus  crassua  (Phil.)  is  very 
abundant;  this  passes  into  a  softer  arenaceous  bed,  in  which  the 
Peetunculi,  in  consequence  of  the  denudation  of  the.  intervening 
strata,  are  in  immediate  contact  with  the  diluvial  gravel. 

The  section,  fig.  7,  represents  the  beds  as  seen  in  the  hoUow-road, 

Fig.  7 — Section  of  the  Alternations  of  Sandy  and  Calcareous  beds 
in  the  ''Marine  Sands,"  B.  1,  at  the  Hollow  Way  behind  fFein- 
heim. 


9.  Sandy ;  Peclunculua^  werj  abundant. 
8.  Calcareous. 


7.  Shelly  • 

6.  r  • 


,  Calcareous. 
6.  Sandy ;  Cgprima  rotumdata. 

4.  Calcareotts. 
8.  Loose  sand. 

5.  Calcareous.  HaUoHoma  bonce. 
1.  Sandy. 


behind  or  to  the  north  of  the  same  hill,  at  a  somewhat  hiffher 
The  fossil  remains  found  here  are  generally  the  same  as  those 
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near  the  Wirthsmulile,  but  there  is  a  more  frequent  alternation  of 
soft  shelly  arenaceous,  and  bard  compact  areno-calcareous  beds ;  we 
observed  as  many  as  four  or  five  of  these  alternations.  In  the 
lowest  of  them,  Mr.  Austen  found  some  fossil  bones,  but  which, 
from  the  extreme  hardness  of  the  rock,  it  was  impossible  to 
extract.  They  belonged  in  all  probability  to  the  Halianasta  ColUmi, 
the  remains  of  which  are  found  not  unfrequently  in  this  lowest 
marine  bed. 

The  remains  of  Mollusca  were  most  abundant  in  the  two  upper 
beds,  Pectunculua  arcatua  and  P.  crassua  particularly  abounding  in 
the  uppermost.  The  large  Cyprina  rotundata  occurs  chiefly  in  the 
sand  below,  in  which  few  other  fossils  were  found.  The  limestone- 
bed  below  the  Cyprina-sand  does  not  run  continuously  along  the 
face  of  the  scarp,  but  occurs  in  the  shape  of  large  nodules,  whidi, 
from  their  greater  resistance  to  the  weathering  action  of  the  air  and 
rain,  project  beyond  the  softer  sands  Uke  the  gigantic  rafters  of  a 
buildW. 

On  ^e  opposite  or  northern  side  of  the  red-sandstone  ridge  which 
separates  the  valley  of  Alzey  from  that  of  Flonheim  to  the  N.E.,  the 
marine  sands  are  seen  in  considerable  thickness  near  Flonheim  and 
Uff  hofen,  as  has  been  already  observed.  Near  Flonheim  they  are 
seen  resting  on  the  red  sandstone  in  a  sand-pit  a  litUe  way  above  the 
town.  The  sand  here  contains  but  few  fossils,  and  evidentiy  repre- 
sents a  sandy  beach  along  an  open  line  of  coast.  Section  fig.  2, 
page  258,  will  give  an  idea  of  this  character.  A  depth  of  from  ^  to 
40  feet  is  exposed  in  the  sand-pit,  but  they  have  dug  15  feet  lower 
through  the  sand.  The  lowest  portion  (a)  consists  of  a  gravel  of 
small  quartz-pebbles,  like  that  seen  near  Eckelsheim.  (h)  represents 
an  Ovster-bed,  amongst  which  Shark' s-teeth  are  not  unfrequently 
found ;  these  latter  indeed  occur  generally  throughout  every  portion 
of  this  section.  At  (c)  is  the  stratum  in  which  bones  have  been  fre- 
quently found,  and  on  the  occasion  of  my  last  visit  I  succeeded  in 
extracting  one,  apparently  a  rib  of  HalianoMa. 

At  UfPhofen  are  sand-pits  of  the  same  character  and  at  nearlv  the 
same  level,  abounding  in  Oatrea  CoUinii,  which  form  in  the  iower 
portion  regular  thick  banks ;  many  of  these  Oysters  are  covered 
with  large  Balani.  Here,  a  few  days  before  my  last  visit  (July 
1853),  a  most  interesting  and  entire  skeleton  had  been  discovered 
imbedded  in  the  soft  incoherent  sand,  and  was  still  lying  as  it  had 
been  found  when  we  visited  the  spot.  The  lower  jaw,  and  upwards 
of  thirty  vertebras  with  their  ribs,  some  slightiy  broken,  were 
lying  almost  in  their  true  position.  The  upper  jaw  and  skull, 
having  been  found  a  short  time  before,  had  been  sold  to  a  neigh- 
bouring collector ;  the  sand-digeer,  who  found  them,  never  dreammg 
that  the  remaining  portions  of  the  skeleton  were  then  so  near.  From 
the  short  examination  which  Dr.  G.  Sandberger  and  myself  could 
give  them,  there  is  Uttle  doubt  but  that  they  belong  to  the  Halta- 
Hassa  CoUinii,  of  which,  it  is  the  most  perfect  specimen  yet  found*. 

*  I  have  since  learned  that  this  fine  specimen  has  been  seenred  by  PnL  Kanp 
for  the  Museum  at  Darmstadt. 
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Between  UfThofen  and 
Eckelsheim,  a  short  distance 
further  north,  these  marine 
beds  assume  the  character 
of  a  quartzose  conglomerate 
or  gravel,  passing  into  a 
coarse  incoherent  sand,  and 
the  fauna  is  somewhat  dif- 
ferent from  that  of  Wein- 
heim.  Here  two  or  three 
species  of  Ostrea,  including 
the  peculiar  form  O.  rhe- 
nana,  together  with  two 
species  ofPecten,  are  ahnost 
the  only  representatives  of 
the  numerous  species  found 
elsewhere.  A  single  Pec- 
tuneulus  and  an  Astarte 
found  in  this  sand  were 
so  soft  that  it  was  impos- 
sible even  to  touch  them 
without  injury ;  they  crum- 
bled to  powder  on  removing 
the  sand.  The  Pectens  and 
Oysters  seem  to  have  a  pe- 
culiar facility  for  resisting 
the  decomposing  effect  of 
the  water  which  percolates 
so  easily  through  this  loose 
sand. 

II.  Lower  blue  Brown-coal 
Clay  (Cyrenen-Mergel), 
Cyrena-marL 

With  the  exception  of 
the  few  hard  calcareous 
bands  intercalated  in  the 
shelly  sands  of  Weinheim, 
there  does  not  appear  to 
have  been  any  great  change 
in  the  minerfdogical  charac- 
ter of  the  deposits  formed 
at  the  bottom  of  this  ter- 
tiary sea,  so  long  as  it  main- 
tained its  true  marine  cha- 
racter. Finesandanderavel, 
derived  from  the  msinte- 
gration  of  the  surromiding 
rocks,  and  mixed  with  an 
abundance  of  broken  shells 
in  the  upper  portion,  are  the 
chief  materials   in    which 
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the  marine  moUusca  are  found;  but  we  here  suddenly  reach  a 
totally  different  formation.  A  stiff  tenacious  blue  clay  overlies  the 
shelly  sands,  and  a  corresponding  change  in  the  animal  remains 
shows  how  the  conditions  of  li&  were  modi6ed  by  those  erents 
which  produced  this  change  in  the  nature  of  the  subaqueous  deposits. 
These  marly  beds  are  considered  by  the  Grerman  geologists  to  repre- 
sent the  lower  brown-coal  formation  of  the  Wetterau,  and  are  csiled 
by  some  the  Cyrenen-Mergel  or  Cyrena-marl,  from  the  abundance  of 
Vyrena  subarata  found  in  it ;  with  this  are  associated  seyeral  species 
of  Cerithium,  and  a  few  forms  of  littoral  Gasteropods. 

This  formation  occupies  a  considerable  area  in  that  portion  of  the 
Mayence  basin  which  lies  to  the  westward  of  the  Rhine  (see  fig.  8), 
appearing  in  many  of  the  bottoms  and  hollows,  and  even  constituting 
low  undulating  hills.  Here  it  has  generally  a  very  slight  dip  or  in- 
clination to  the  eastward  ;  but  on  the  opposite  or  eastern  side  of  the 
Rhine  the  dip  is  reversed,  and  it  only  appears  in  a  very  few  localities, 
and  at  a  very  low  level.  Between  fifocnheim  and  Florsheim  it  occurs 
on  the  bank  or  in  the  bed  of  the  Maine,  where  it  contaias  Cerithium 
margaritaceum  of  a  large  size.  Here  a  slight  rise  towards  the  east 
appears  to  be  indicated ;  for  in  the  section  taken  near  Hanau,  fig.  9, 
it  forms  the  basis  of  the  whole  tertiary  series,  at  a  slight  elevation 
above  the  bed  of  the  river.  This  section,  which  is  the  most  eastern 
point  I  had  an  opportunity  of  examining,  extends  from  the  low^ 
to  the  upper  blue  clay,  and  will  be  subsequently  described.  (Hanau 
is  about  30  miles  N.E.  by  E.  of  Florsheim.) 

The  principal  localities  where  this  blue  clay  has  come  under  my 
notice,  in  adoition  to  those  already  incidentally  mentioned,  are  the 
Zeil  Stiick  near  Weinheim,  where  many  fossils  have  been  found, 
and  the  Sommerberg,  opposite  Weinheim;  it  also  occurs  abon- 
dantly  on  the  road  between  Alzey  and  Mayence,  near  the  village  of 
Ensheim,  where  Mr.  Austen  and  myself  found  Cyrena  subarata  and 
a  small  Cerithium;  and  again,  on  another  road  to  Mayence,  near 
Partenheim,  where  I  obtained  numerous  Cerithia  on  a  former  occa- 
sion. The  septarian  clay  near  Durckheim  also  evidently  belongs  to 
this  formation,  while  to  the  N.W.  it  extends  at  intervals  from  Alsey 
to  Kreutznach. 

III.  Cerithium  Limestone.  (Nos.  3  and  4  of  the  German  list,  p.  260.) 

I  omit  the  No.  3  of  the  Grerman  table,  which  is  evidently  only 
the  lower  portion  of  this  limestone,  into  which  considerable  numbeis 
of  land-sheUs  have  in  particular  spots  been  drifted.  The  beds  of 
which  this  division  of  the  series  consists  are  generally  hard,  compact, 
and  thick-bedded.  In  many  places,  indeed,  it  is  mfficult  to  detect 
evidence  of  distinct  stratification.  They  are  also  generally  more  ex- 
tensively developed  on  the  left  bank  of  the  Rhine  than  on  the  right, 
where  the  next  succeeding  bed,  the  Littorinella-limestone,  is  more 
abundant.  It  is  however  difficult,  if  not  impossible,  to  draw  any 
distinct  line  between  them,  except  in  so  far  as  their  fossil  contents 
differ,  and  that  the  Littorinella-limestone  is  somewhat  less  thickly 
bedded,  and  is  often  interstratified  with  beds  of  marl  or  day.     The 
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two  foimations  pass  gradually  into  each  other,  and  should  only  he 
looked  upon  as  suhdivisions  of  the  great  calcareous  deposit,  formed 
during  the  period  when  this  lacustrine  hasin  was  passing  from  a 
brackish  to  a  freshwater  condition. 

The  following  section,  fig.  9,  taken  at  Hochstadt,  near  Hanau,  will 
show  how  the  two  formations,  extending  from  the  lower  to  the  upper 
blue  clay,  pass  into  each  other. 

Fig.  ^.-Section  of  the  Cyrena  Clay  (B.  2.),  Cerithium  and 
lAttorineUa  Limestones  (B.  3,  B.  4),  and  the  Upper  blue  Clay 
(B.  5),  at  Hochstadt. 

8.W.  N.E. 

Plain. 


B.5 


B.4 


B.  9.  B.  3. 


1 .  (B.  2.)  Blue  day  (unterer  blauer  Letten)  without  fossils,  said  to 
rest  immediately  on  the  red  sandstone  {Bunter-Sandstein  or  rathe- 
todte-Uegende),  The  pits  where  this  blue  clay  had  been  dug  out  are 
at  the  foot  of  the  hill  below  Hochstadt,  but  had  aU  been  filled  up 
before  I  was  there,  so  that  I  was  indebted  for  my  information  to 
M.  Roessler  of  Hanau,  who  accompanied  me  to  the  spot. 

2.  (B.  3.)  Compact  blue  limestone  passing  into  yellow.  This  bed 
is  also  unfossiliferous  and  sUghtly  bituminous. 

3.  Hard  limestone,  occasionally  nodular  and  concretionary,  con- 
taining Lt/fortn«//a  and  Dreissena  Brardii, 

4.  (B.  4.)  Limestone  of  a  similar  character,  with  numerous  Litto- 
rinella  and  Helices  of  various  species.  We  did  not  find  Dreissena  in 
this  bed ;  but  bones  are  said  to  have  been  occasionally  found  in  the 
lower  portion  of  it.  It  is  the  occurrence  of  these  numerous  Helices, 
in  particular  spots  of  this  formation,  which  has  led  the  German  geo- 
logists to  call  it  a  freshwater  limestone,  but  there  seems  to  be  no 
sufficient  ground  for  such  an  assumption.  No  freshwater  shells  are 
found  in  it,  neither  Planorbis,  Limmmts,  nor  Paludina,  It  is  evi- 
dently a  continuation  of  the  brackish-water  formation,  into  which 
land-shells  have  been  drilled  by  the  rivers.  The  abundance  of  these 
molluscs  in  particular  spots  has  been  accounted  for  by  supposing 
them  to  have  been  deposited  in  those  places  where  a  great  river, 
flowing  into  the  brackish-water  lake,  impinged  against  particular 
promontories  more  exposed  to  the  currents  of  fresh  water.  Sup- 
posing this  ancient  tertiary  river  to  have  occupied  the  bed  of  the 
present  Maine,  issuing  into  the  plain  (then  a  lajce)  from  the  narrow 
defiles  near  Aschaffenburg,  the  current  would  naturally  deposit  on 
the  opposite  bank  the  land-shells  brought  down  by  freshets  from  the 
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Spessart,  or  the  River  Kiuzig  iu  like  manner  might  have  brought 
them  down  from  the  Fichtel  Gebirge« 

5.  Alternating  beds  of  sand  and  limestone ;  the  sand  is  in  some 
places  slightly  ferruginous,  and  contains  fragments  of  shells ;  the 
limestone  occasionally  alternates  with  sandy  marl,  containing  a  small 
Littorinella ;  it  is  a  kind  of  junction-bed  with  No.  4,  into  which  it 
sometimes  passes.  The  singular  small  round  bodies,  described  by 
some  naturalists  as  snakes' -eggs'",  have  been  found  in  this  part  of  the 
section. 

This  bed  brings  us  to  the  level  of  the  little  town  of  Hochstadt, 
built  on  the  slope  of  the  hill.  Many  small  pits  have  been  opened  on 
the  ground  above  the  town,  by  means  of  which  the  section  can  be 
tolerably  well  traced  upwards.  Littorinella  abound  in  most  of  these 
beds,  but  the  Helices  are  less  frequent  than  below. 

6.  The  only  characteristic  horizon  which  I  observed  in  this  upper 
succession  of  limestone  beds,  more  or  less  compact  or  lurenaoeoos,  is  a 
band  nearly  a  foot  thick,  containing  Mytilue  Faujasii. 

7.  (B.  5.)  The  highest  bed  in  this  section  which  I  had  an  oppor- 
tunity of  observing  consists  of  blue  clay,  in  which  the  small  Cyrena 
Faujasii  and  a  Cerithium,  probably  C.  cinctuniy  are  tolerably  abun- 
dant. 

IV.  Littorinella-Umestone.     (No.  5  of  the  German  list,  page  260.) 

One  of  the  chief  localities  for  observing  the  various  beds  of  this 
portion  of  the  Mayence  basin,  which  in  a  general  sense  may  be  con- 
sidered as  the  upper  portion  of  the  brackish-water  limestone  forma- 
tion, is  the  district  lying  between  the  towns  of  Hochheim  and  Flors- 
heim  on  the  Maine.  The  numerous  quarries  opened  on  the  slope  of 
these  hills  have  produced  an  abundant  harvest  to  the  palseontological 
inquirer,  and  have,  in  connection  with  the  railway  cuttings,  brought 
to  light  a  great  variety  of  new  forms  of  land-shells  of  the  genera 
Helix,  Pupa,  Bulimus,  Clausilia,  and  Cyclostoma.  The  valley  of  the 
Miihl-thal,  leading  from  Biebrich  to  Wiesbaden,  is  a  portion  of  this 
formation,  and  appears  to  represent  its  upper  beds.  It  is  moreover 
remarkable  for  containing,  in  addition  to  the  molluscs  found  near 
Hochheim,  a  considerable  number  of  freshwater  shelb. 

I  visited  the  Hochheim  beds  in  company  with  Mr.  Austen.  The 
best  section  we  obtained  was  at  the  eastern  end  of  the  line  of  quarries 
near  Florsheim,  at  a  place  called  the  Ziegel  Hutte.  The  section  of 
the  lower  part  of  this  group  here  is  remarkable  for  presenting  on  the 
same  horizon  two  distinct  series  of  beds,  apparently  without  a  fault 
(see  fig.  10).  The  mass  of  rock  in  the  centre  consists  of  hard  concre- 
tionary mammillated  calc-sinter,  made  up  of  minute  hollow  stems,  the 
interstices  between  which  are  often  filled  with  fine  sand.  It  looks  as 
if  the  calcareous  matter,  the  produce  of  springs  highly  charged  with 
carbonate  of  Hme,  had  been  deposited  on  masses  of  Mosses  or  Com- 
ferva,  an  appearance  not  uncommon  in  other  parts  of  the  formation. 
I  particularly  noticed  it  near  Durckbeim,  where  the  hmestone  also 

♦  Quart.  Journ.  Gcol.  Soc.  vol.  vi.  part  2.  Miscell.  p.  42. 
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Appeared  to  be  the  produce  of  calcareous  springs.  To  the  north- 
west of  this  mass,  the  beds,  which  are  nearly  horizontal,  are  essentially 
calcareousy  varying  considerably  in  their  degrees  of  hardness,  and 

Fig.  10. — Section  of  the  Cerithium  Limestone  (B.  3)  with  Calc- 
Sinter,  between  Hochheim  and  FlOrsheim, 


T? — ^ e.  (Pema).      ^ 

. ^'^{Vemuin- 

^,  )  crasaata). 


{(SmallC^rt. 
MtaimabuD- 
duiL) 

^'  )    Perna). 


IB  J. 


StnU  Imfittinct 
ealcareotu. 


Strata  diitinct : 
arenaceouf. 


sometimes  passing  into  soft  calcareous  marl ;  wliile  on  the  east  or 
south-eastern  side,  they  are  essentially  arenaceous,  the  stratification, 
especially  at  a  short  distance  from  the  central  mass,  being  more 
distinct  than  on  the  other  side.  On  this  eastern  side  w^  observed 
the  following  features  in  an  ascending  order  : — 

a.  Loose  sand,  with  a  few  Helices  and  Perna,  from  10  to  20  feet 

thick. 

b.  Several    bands  of   concretionary  limestone-nodules,    running 

through  the  same  greenish  sand. 
e.  Bands  of  hard  limestone,  6  inches  thick,  containing  numerous 
casts  of  a  small  Cerithium. 

d.  Two  bands,  a  few  inches  thick,  and  three  or  four  feet  apart,. 

containing  Venus  incrassata, 

e.  Band  contauiing  Perna  Soldanii, 

On  the  north-western  side  the  palseontological  evidence  is  less 
clear,  and  the  stratification  is  mucn  less  regular.  Numerous  J7e- 
£ur^«and  Cyclostomata,  particularly  C.  sulcatum,  occur  in  patches  here 
and  there,  together  witn  Venus  incrassata  and  Perna.  The  great 
difference  in  the  lithological  character  of  the  two  sides  of  the 
section  may,  I  think,  be  accounted  for  in  this  way : — if  we  suppose 
that  a  large  river,  occupying  the  position  of  the  present  Maine, 
flowed  into  the  lacustrine  basin  from  the  Spessart,  viz.  from  the 
£.  or  E.S.E.,  the  action  of  the  water  on  the  calcareous  spring 
would  cause  the  calcareous  matter  to  be  deposited  on  the  western  or 
further  side  of  the  spring,  while  the  matter  deposited  on  the  eastern 
side  consisted  of  the  more  arenaceous  sediment  brought  down  by  the 
river  itself. 

Another  section  further  westward,  and  nearer  Hochheim,  produced 
an  abundance  of  smaU  Cerithia,  with  Mytilus  socialis,  fragments  of 
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Pema,  and  a  small  Neritina  and  NeritOt 
underlaid  by  a  hard  compact  bed  of  lime- 
stone  without  fossils.  In  other  pordoos 
of  the  section,  casts  of  Ceritkium  occur 
in  the  hard  limestone. 

The  yallej  of  the  Mlihl-thal,  between 
Biebrich  and  Wiesbaden,  represents  the 
upper  portion  of  this  formation,  and  the 
Littorinella  acuta  is  here  so  abundant  as 
to  constitute  almost  the  entire  mass  of  the 
rock  in  many  places.  With  it  the  Mytilus 
Brardii  is  also  abundantly  found,  and  a 
few  freshwater  shells,  as  Paludina  Unta^ 
Melanopsis,  Limnaus,  and  PlanorbiB^ 
here  make  their  first  appearance,  plainlj 
indicating  the  diminisheid  saltness  of  Uie 
water. 

Another  instructive  section  of  the 
calcareous  portion  of  the  Mayence  tertia- 
ries,  including  the  Cerithium-limestone 
and  theLittorinella-limestone,is  exhibited 
in  the  quarries  and  other  cuttings  extend- 
ing from  the  fortifications  of  Mayenoe^ 
through  the  Tillage  of  Weissenau,  as  &r  as 
Oppenheim  on  the  left  bank  of  the  Rhine 
(fig.  11).  The  three  localities  of  the 
Kastrich  in  Mayence,  the  quarries  of 
Weissenau,  and  those  of  Oppenheim  will 
complete  our  investigation  of  these  beds. 

1 .  Kastrich  in  Mayence.  This  section 
is  exposed  in  the  upper  part  of  the  town, 
in  cutting  a  new  road  to  the  fortifications : 
it  represents  the  upper  portion  of  the 
Littorinella-limestone,  and  consists  of 
frequent  alternations  of  thin  beds  of  flaggy 
limestone  with  arenaceous  marly  heS. 
Two  species  of  Littorinella  abound  in 
these  beds,  but  they  are  not  less  abundant 
in  the  arenaceous  beds.  On  the  whole, 
from  30  to  50  feet  are  exposed  here. 

2.  Near  the  village  of  Weissenau,  about 
one  mile  S.S.E.  from  Mayence,  extensive 
quarries  have  long  been  opened  in  the 
hmestone  rocks,  showing  the  passage 
down  wards  from  the  Littorinella-limestone 
to  the  Cerithium-limestone.  The  lit- 
torinella-limestone appears  to  thin  out 
gradually  as  the  hills  rise  towards  the 
S.  B.  The  following  sequence,  in  ascend- 
ing order,  will  show  how  the  beds  succeed 
each  other :  — 
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1.  Cerithium-limestone ;  generally  compact  and  close-grained, 
containing  C.  margaritaceum  and  Dreissena  Brardii,  with  here  and 
there  a  cast  of  Helix ;  the  lower  portion  of  this  bed  is  almost  un- 
fossiliferous,  and  seems  to  rest  upon  more  marly  beds.  Its  thickness 
is  at  least  50  feet. 

2.  Compact  limestone,  full  of  a  small  species  of  Cerithium, 
NeriHna,  and  Dreissena ;  about  10  feet. 

3.  Limestone-beds,  containing  a  large  Cerithium,  Dreisaena,  and 
Cyrena  Faujasii ;  about  4  feet  thick. 

4.  Alternating  beds  of  sand  and  marl.  The  lowest  sandy  beds 
are  full  of  Littorinella ;  I  am,  therefore,  disposed  to  look  upon  these 
beds  as  marking  here  the  junction  between  the  Cerithium  and  Litto- 
rinella limestones.    They  have  a  thickness  of  about  30  feet. 

5.  A  bed  of  broken  fragments. 

6.  Alternating  beds,  containing  Littorinella  and  Cyrena,  The 
Littorinella  generally  occurs  in  the  harder  beds.  Some  of  the 
Cyrena-beds  are  completely  made  up  of  casts  of  that  shell. 

/.  Sand« 

8.  Littorinella-limestone,  alternating  with  marls  and  sands.  Thick- 
ness uncertain.  This  is  the  same  formation  as  that  which  is  seen  at 
the  Kastrich  in  Mayence. 

9.  Diluvial  gravel ;  2  feet. 

10.  Loess;  3  feet 

11.  SoU. 

3.  Oppenheim.  The  lowest  bed  in  the  <]^uarries  at  this  place  con- 
sists, like  those  of  Weissenau,  of  compact  hmestone,  contaming  very 
few  fossils,  and  those  chiefly  Cerithium,  A  few  bones  are  said  to 
have  been  found  here.  It  belongs  evidently  to  the  Cerithium-lime- 
stone.  Above  it  are  beds  with  Mytilua  Faujani,  and  a  bivalve 
(Cyrena  suharatat  or  Fenus  incrassata).  Near  the  top  of  the  sec- 
tion is  a  loose  marly  limestone,  contmning  angular  fragments  of 
limestone,  immediately  overlying  the  oolitic-looking  rock  which  in 
some  places  appears  to  form  the  upper  portion  of  the  Cerithium-kalk. 

V.  Upper  Blue  Clay.     (No.  6  of  the  German  list,  page  260.) 

The  Littorinella-limestone  is  immediately  overlaid  by  the  Upper 
blue  Clay  or  Upper  Brown-coal  Clay.  I  had  no  opportunity  of 
observing  it,  except  in  the  smaU  section  near  Hochstadt  (fig.  9, 
page  267),  where  it  contains  a  small  Cerithium  and  Cyrena  Faujasii. 
It  is,  however,  in  some  respects  a  very  important  formation,  as  con- 
taining the  brown-coal  beds  of  the  Wetterau,  the  Westerwald,  and 
the  Middle  Rhine,  which  are  extensively  worked  and  are  remarkable 
for  the  interesting  flora  they  contain.  Some  account  of  this  flora 
will  be  found  in  the  above-mentioned  works  of  Walckner,  Sandberger, 
and  Voltz.  It  is,  however,  possible  that  the  marly  beds  wmch 
overlie  the  Littorinella-limestone  in  the  Muhl-thal,  near  Wiesbaden, 
are  the  representatives  of  this  formation.  In  the  second  quarry  from 
Wiesbaden,  down  the  Muhl-thal,  is  a  section  of  10  or  12  feet  of 
yellow,  green,  and  dark-coloured  marls,  without  fossils,  overlying  the 
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Littorinella-limestone.  In  another  quarry  these  marls  are  20  or  30 
feet  thick,  yery  near  the  surface,  overlying  the  Littorinella-limestoiie, 
from  which  it  is  separated  by  a  white  calcareous  band. 

VI.  Leaf-hearing  Sandstone,    (No.  7  of  the  Grerman  list»  page  260.) 

Of  the  next  formation  in  ascending  order,  as  they  are  laid  down  by 
the  Grerman  geologists,  viz.  Sandstone  with  impressions  of  leaves, 
I  am  unable  to  give  any  satisfactory  account.  It  occurs  in  the 
neighbourhood  of  Wiesbaden,  overlying  the  upper  marls  and  days, 
and  overlapping  the  slaty  metamorphic  rocks  of  the  Taunus. 

VII.  Osn/eroua  Sand.     (No.  8  of  the  German  list,  page  260.) 

This  bed  appears  to  indicate  a  different  state  of  things  irom  that 
belonging  to  the  preceding  beds,  which  it  overlies  unconformably, 
although  belon^g  to  the  same  general  epoch,  inasmuch  as  many  of 
the  fossil  remams  are  the  same  as  those  found  in  the  underlying 
beds.  It  is  dq)osited  in  hollows  in  the  pre-existing  Littorinella-lime- 
stone, and  is  decidedly  of  a  freshwater  character.  Some  of  the 
insulated  patches  are  remarkable  for  the  great  number  of  Mammalian 
bones  found  in  them :  most  of  these  are  deposited  in  the  museum 
at  Mayence.  One  of  the  chief  localities  for  these  remains  are 
the  sand-pits  near  Eppelsheim,  into  which  the  animals  or  their 
bones  would  appear  to  have  been  washed  from  the  surrounding  dry 
ground,  on  which  they  must  have  lived  and  roamed  afler  the  drainage 
of  the  great  lacustrine  basin.  The  following  section  in  descending 
order  will  show  the  superposition  of  the  beds.  It  is  taken  from  the 
top  of  the  hill,  distant  about  a  mile  N.W.  from  the  village  of 
Eppelsheim : — 

1.  Soil;  2  or  3  feet  thick.  ' 

2.  Loess ;  yellowish  sandy  loam ;  4  feet. 

3.  Yellow  gravel,  with  timestone  boulders,  and  a  few  fragments  of 

small  bones. 

4.  Yellow  clay,  varying  in  thickness  from  4  to  12  inches. 

5.  Loose  sand  and  small  gravel,  containing  boulders  of  hsematitic 

ironstone ;  3-4  feet. 

6.  Fine  loose  sand ;  about  14  feet  exposed,  but  the  bottom  not 

visible ;  said  by  the  workmen  to  rest  on  hard  rock. 

The  Mammalian  remains  and  teeth  were  said  to  have  been  found 
in  No.  5,  but  Uttle  has  been  found  of  late.  These  sands,  &c.  are 
perfectly  horizontal,  but  the  Littorinella-limestone  in  the  neighbour- 
hood has  been  very  much  disturbed. 

The  Rhinoceros  jaw  which  I  obtained  from  one  of  the  sand- 
diggers,  was  said  to  have  come  from  bed  No.  5. 

Descending  into  the  valley,  near  Bischheimer  Hof,  three  or  four 
miles  distant  to  the  S.E.,  I  found  the  same  formation  of  sands  and 
days  filling  up  the  hollow,  and  containing  a  specimen  of  MyiUut 
Faujasii,  too  soft  and  crumbling,  however,  to  be  extracted. 
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Althoaeh  this  Ossiferous  Sand  is  unquestionably  more  recent  than 
the  underlying  formations  ;  and  although  it  may  be  difficult,  from 
from  want  of  proper  means  of  comparison,  to  fix  its  exact  relatiye  age, 
yet  the  great  analc^  between  the  numerous  land  and  freshwater  mol- 
luscs found  in  the  underlying  Littorinella  and  Cerithium  limestones 
with  those  now  Ivrins  in  the  southern  regions  of  Europe  will  justii^r 
us  in  assuming  that  the  terrestrial  and  climatological  conditions  of  life 
were  not  very  different  from  those  now  existing,  and  that  the  super- 
fida]  surface  of  the  ground  had  already  assumed  its  present  form  and 
configuration. 

Part  II. 

On  the  Zoological  Characters  and  Age  of  the  Marine 
Molluscous  Fauna  of  the  Mayence  Basin. 

Haying  endeavoured  in  the  preceding  statements  to  describe  the 
geographical  position  and  the  physical  features  of  the  various  strata 
of  we  Mayence  basin,  with  their  relative  succession  and  superpo- 
sition, I  now  propose  to  allude  to  their  palseontological  contents,  and 
to  point  out  their  analogies  with  the  tertiary  deposits  of  neighbour- 
ing regions,  so  far  as  they  have  jret  been  examined,  with  the  view  of 
ascertaining  their  true  position  m  the  tertiary  series,  and  the  period 
to  which  they  should  be  referred. 

Although  I  have  succeeded  during  several  excursions  in  collecting 
a  considerable  series  of  the  fossils  of  this  region,  I  could  not  ex- 
pect to  be  so  successful  as  those  who,  from  long  residence  in  the 
neighbourhood,  have  such  constant  opportunities  of  collecting,  as  the 
geologists  of  Wiesbaden,  Mayence,  Hanau,  &c. ;  and  who,  in  ex- 
tending their  knowledge  of  the  fossil  contents  of  the  Cerithium 
and  Littorinella  limestones,  had  the  additional  advantage  of  exa- 
mining the  ground  during  the  construction  of  the  Mayence,  Wies- 
baden, and  Frankfort  railways.  I  am  therefore  compelled  to  have 
recourse  to  the  lists  of  fossils  published  by  these  observers ;  amongst 
which  I  may  particularly  mention  those  of  M.  Walckner  and  of 
Dr.  F.  Sandberger,  to  which  I  am  most  indebted. 

Although  the  fossil  contents  of  the  overlying  brackish  and  fresh- 
water formations  are  not  without  considerable  interest  in  reference  to 
the  question  of  Age  now  immediately  before  us,  their  importance  is 
but  small,  when  compared  with  that  of  the  underlying  Marine  Sands. 
It  is  *the  marine  famia  to  which  we  have  principally  to  look,  as  the 
key  of  the  whole  question.  Wherever  this  bed  shidl  be  placed,  all 
the  others  follow  immediately  and  without  interruption.  Their 
superposition  is  self-evident,  and  the  gradual  passage  firom  one  into 
the  other  is  proved  by  mineralogical  no  less  than  by  palseontogra- 
phical  evidence.  In  tms  marine  sand,  principally  derived  from  the 
disintegration  or  abrasion  of  the  previously  existing  and  underlying 
red  or  carboniferous  sandstones  and  shales,  we  have  the  evident  com- 
mencement of  a  new  state  of  things,  the  basis  of  a  new  formation  ;  we 
here  see  the  first  proofs  of  a  new  deposit  thrown  down  upon  a  new 
sea-bottom,  when,  after  a  sudden  change  in  the  relative  levels  of  land 
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and  wmt«r,  the  sea  rushed  into  the  newlj-made  depression,  forming  a 
deep  inlet  or  aestnary,  in  which,  for  a  time,  marine  life  alone  existed, 
mitil  the  conditions  of  life  being  again  altered,  and  the  waters  having 
gradually  become  brackish,  the  true  marine  fiuina  also  disappeared, 
and  was  replaced  by  one  adapted  to  the  altered  conditions  of  life. 

How,  and  where,  and  whm  these  changes  may  have  taken  place, 
are  questions  which  must  be  deferred  to  the  concluding  portion  of 
this  paper.  We  have  now  to  compare  the  fossils  of  the  marine  sand 
of  Weinheim  with  those  of  other  tertiary  deposits,  and  to  endeayoor 
by  means  of  such  comparison  to  ascertain  their  relative  age  and 
position  with  regard  to  the  other  tertiary  beds  of  Europe,  as  well  as 
their  absolute  place  in  the  tertiary  system. 

The  following  list  of  fossib  in  the  Biarine  Sand  of  Weinhdm  is 
chiefly  taken  from  that  given  by  Dr.  Sandberger  in  his  last-published 
work. 

Table  I. 

Tabular  mew  of  the  MoUusea  of  the  Marine  Sands  of  the  Mayence 
Basin,  showing  some  of  the  other  localities  where  they  have  been 
observed. 


Teredo  tnguinos,  Sandb,,  d.b 

SixicaTa,  3  or  4  species,  andetermined 

Leguminaria  papyracet,  lyOrb 

Solecortus  appendiculatus,  DetmouL . . . 
Panopea  intermedia.  Sow 

«P.  Hebertianat  Bosq.  (?  the  same) 

Thracia  phaseolina,  Kiener 

Corbulomya  polita,  A,  Braum  

«=  C,  eomptanata,  Nyst 

Corbula  pisam,  Sow , , 

striata,  lom. , 

scalaris,  J.  Bratm 

Telliaa  donacina,  L.  ? 

Hebertiana,  Botg 

*=  T.  Benedtniu 

,  2  species  undetermined 

Crassatella  Bronnii,  Merian 

Astarte  plicata,  Merian 

,  species  undetermined  

Diplodonta  fragilis,  A,  Bratm  

Ludna  Bronnii,  Merian 

»  L,  Mquamota,  Lam. 

Galeottiana,  Nyai 

lepida,  Botg 

uncinata,  Deth 

tenuistria,  H/b 

commutata,  PAit  

«=  L.  divarieata,  var,  Nyst. 
saxomm,  Lam 
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Cytherea  incrassatoides,  Nyat 
minima.  A,  Broun    

s  C,  delioidea,  Lamk. 
Bplendida,  Merian 

«  C.  lamgata,  Nytt. 

Bosqoeti,  Heb 

? nitidula,  Lamk 

>  Goldfussiana,  A.  Broun 

Cyprina  rotandata,  Broun 

•B  C.  iMkmdieo,  Lam.  ? 

Cardiu  orbicularis.  Bronn 

Tar.  minor,  Sondb 

Omaliana,iVy«/.. 


Icricosta,  Sondb,  , 

.  — Kickxii,iyy#/ 

-  scalaris,  Goldf. , 


chamcforrois,  Nytt,., 

Cjrrena  ambigua,  ^.  Brmm  ... 

Isocardia  transversa,  Nyst 

cyprinoides,  A,  Broun  ... 

Cardium  tenuisnlcatum,  Nytt 

scobinula,  Merian 

torgidum,  ^iwMfer    

,  species  uncertain 

Cbama  exogyra,  A.  Broun 

Area  hiantma,  DerA.  

^A,hiant,k,  Brann. 
B^.  umbcnatOf  Lamk. 
diluTii,  Xofltit.    

• muUistriata,  De  Kon, 

=^A.  deeuttotOy  Nyst. 

Pectunculus  crassus,  Phil, 

B  P,  polyodonta,  Goldf. 

arcatus,  &A/0/A 

angusticostatus,  Lamk. ., 

lunulatns,  Nytt 

Limopsis  Goldfussiana,  Nytt . 

N ucula  Lyelliana,  Botq 

^'margaritacea,  Lomk 

• placentina,  Lamk 

«M/c9tya/a,  Goldf. 

Deshayesiana,  Duck 

minuta,  D^, 

Modiola  micans,  A.  Broun..,. 
}t»M.  tericeOf  Bronn. 

Mytilus  Nystd,  Kicks 

Pema  Soldanii,  Deth,... 

Pinna  

Avicnla  ?trigonata,  Lamk 

Lima  subcyUndrica,  Sondb,.,, 

,  spec,  undetermined  .... 


Bdgium. 
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Table  I.  (continued). 


Pecten  pictui,  GoU^. 

—  Dcshayerii,  iVyt/   

fiirfunceas,  ^.  BroMn  

,  3  species  undetermined   

?  imeqoAlis,  A,  Braun, 

?  decussatos,  MnmL  and  Gok(f. 

?striatus,  MiimL  and  GoUf, 

Spondylus  auricaUtus,  Nytt 

1  sp.  n 

Ostrea  callifera,  Lamk,  

>=  0.  CoUmii,  Merian. 

mutabilis,  DetA. 

flabeUala,  Xomit 

=  0.  rhenana^  Merian. 

Plicatula,  sp.  (rare)    

Anomia  tenoistriata,  Dtak. 

Terebratula 

Cleodora? 

Dentalium  entalis,  (TfiMl.   

Kickxii,  iVy*/ 

fissura,  jLamA 

Patella  moguntiaca,  A,  Braun 

»  n-  8P 

Eroarginula  Nystiana,  Bot^ 

fD.sp 

Calyptnea  striatella,  Ny$t 

Capulns,  nncertain 

Crepidula,  uncertain  

Natica  gigantea,  ^.  Brmm    

«■  N.  crattattna^  Lamk. 

»iV.  maxima^  Grat. 
glaucinoides,  Sow 

»  AT.  GviUemmU,  Payr.  &  Bronn. 

Tar.  /3.  m^or. 

crassa,  iVy«/  

Hantoniensis,  Sow 

—  Bronni,  Merian , 

Nerita  rhenana,  Thorn    

,  sp.  (m^or)    

Neritina  concava,  ^Sow 

—  N.  pisum,  Merian. 

piriformis, /Vr 

Volvaria  acudnscula,  Sow 

Tomatella  sulcata,  Lamk 

simulata,  Brofui    

Ringicula,  sp.  uncert 

Pyramidella  cancellata,  Nytt 

subulata,  HmoM  

,  2  sp.  uncert 

Niso  terebellata,  Jtitto  

Euliroa  subulata,  RiMto 
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Turbonina  elegantissima.  Leach    ... 

Nystii,  Duck ' 

laeTisfama,  Botq 

,  sp.  uncert 

Riasoa  pUcata,  DmA.  

Duboisii,  Nytt 

sucdncta,  Nyat 

Michaodi,  Nyat 

«=J2.  tumidaf  Merian. 

Vermetiis,  sp.  uncert. 

Scalaria  rudii,  Phil    

putilla,  PAt/. 

Turritella  crenulata,  Nyat 

Phasianella  (aff.  P,  PrevuBtinay  Bast.). 

Delphinala,  sp.  uncert.  

Rotella  nana,  (?ra/ 

Phonis  ambUicaris,  BroYuf.    

»  Trochua  agghUinanSy  Lamk. 

Trochus  fragiliSy  i>e«A.    

rhenanus,  Merian  

B  T,  atriatui,  Gmel. 

bicarinatus,  

margaritula,  Aferiofi 

,  2  sp.  uncert 

Turbo,  sp.  uncert 

Solarium,  sp.  uncert 

Xenopbora  Lyelliana,  Boaq 

Littorina,2  sp.  uncert 

Cerithinm  mutabile,  Lamk 

subyaricosum,  A.  BrauH  

dentatum,  D^.    

pUcatum,  Lofiii. 

intermedium,  Braun 

lima,  Brug, 

Isvissimum,  Schioth. 

conoidale,  XomAr 

maigaritaceum,  Sow 

e  C.  elegmu,  Desh. 

abbreviatum,  A,  Braun 

(aff.  C.  kgndum,  Lamk.)   

• ,  6  sp.  undetermined 

Chenopus  vittatus,  J.  Braun 

specioeus,  Sehloth 

»C.  iridaeiyku,  A.  Braun. 

»  C.  pea^keani,  Pbil. 

,  sp.  undeterm 

Tritonium  arg^tum,  Broiuf. 

B  T,  rugoaum,  Phil. 

B  T,/kMdricunh  De  Kon. 

,  3  sp.  undeterm ., 

anguinum,  Merian 
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beiroa,  Cdt^.    -  . 

■        Rflk^R*  tVM  olfsnL 

Selysd.  De  £m — — 

sabtkftfhT'JatH 

Monra-A.  Dp  Km. . 

,  ^kO,  ... 


«i>.  ihi  ■■■!.  n 

CaMeOtftt  eruba, 

Bnaniuu,  Syfi 

miitata,  jL 


Njiti,  Kiekr. 

Caws  beUu,  &3rrw*    ^. 

tgapotiUitt,  Beffiek  ... 

,  sp.  iiaccrt. 

BocciDmi  catsidam,  Brmm  ... 

Vohiu  Bathien,  iUk. 

modcrta,  Mtrimm  

Sdilotbeimi,  A.  Brmm,. 

Hitra  permiaiita,  J.  Bmm  .. 

OliTa,  tp.  nnoot. 

CoQOS  donnitor,  Soltmd.. 

Cypnea  inllata,  Lmmk 

tuboolambaria,  I/Orb. ... 

BaDa?  ooiiciniia»  Wood 

»B.09iaf/a,Laiiik. 
Bronnii,  Mtnam, 

mxB,  oM^ytloaM,  Deih. 

' ,  tp.  nncert 

Serpula,  sp.  oii^ert 

SpirortnSf  sp.  uncot. 
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279 


Belgium. 


Ill 


Bairdia  rabdehoidea,  Mutut 

arcuata,  Miiiut 

Cytheridea  Malleri,  Mimst 

Cytberella  tenmstriata,  Jlenw  ... 

Cjthere  Voltzii,  Reuis  

Krcbs  (Crib?) 

Sphsrodas,  sp.  uncert 

Pisdom,  9  sp.  uncert. 

Myliobates  .' 

Zygobatet   

Lamna  cospidata,  Jg 

oontortidens,  ^^.  

deoticulaU,  Ag...l 

Carcharodon  angnttideDS,  Jg,  .. 

Notidannt  primigenios,  jig 

Crooodilot,  sp 

TrionyXtSp 

Emjs  hospes,  von  Afc3f«r  

Halianassa  Collinii,  von  Meyer... 
Anthraootberium  magnum,  Oto. 


If  from  this  list  we  direct  our  attention  to  Belgium,  we  find 
in  Sir  C.  Lyf^'s  paper*  ''On  the  Tertiary  Strata  of  Belgium 
and  French  Flanders,  that  the  fossils  of  the  Limhur|;  heds  near 
Kle^  Spawen  are  in  a  very  large  proportion  identical  with  those  of 
Wemheim  and  its  neighbourhood.  The  Pectunculus-bed  at  Bei^hf, 
BO  called  from  the  extraordinair  number  of  P.foMilis  contained  m  it, 
has  its  exact  counterpart  at  Weinheim  in  a  bed  occurring,  as  has 
been  already  observed  (p.  263),  near  the  top  of  the  section,  contain- 
ing a  surprising  number  of  P.  crassus,  Phil,  and  P.  arcatvs,  Schloth., 
OTerlymg  beds  of  shelly  sand  abounding  in  fossil  (jasteropods  and 
Conchifers  Uke  those  of  the  Bergh  sands,  d  and/of  fig.  2,  /.  c.  p.  305. 
P.  erauus,  Phil.,  is  the  same  as  P./ostilis,  Linn.,  and  P.  arcatui^ 
Schloth.,  is  P.  ierebratularts,  Lam. 

Unfortunately,  the  Weinheim  fossils  have  not  yet  been  so  accu- 
rately worked  out  and  referred  to  the  different  sandy  beds  in  which 
they  occur,  as  those  of  Kleyn  Spawen.  For  the  sake  of  comparison, 
therefore,  we  must  take  the  whole  of  the  lists  referred  to  in  Tables 
VIII.  and  IX.  (/.  c.  pp.  304  and  312)  of  Sir  C.  Lyell's  paper,  in 
order  to  ascertain  the  resemblance  between  them  and  the  Wemheim 
beds,  as  given  in  the  above  table.  As  far  as  I  have  been  able  to 
ascertain,  it  seems  that  about  sixty  species  or  nearly  fifty  per  cent. 
are  common  to  the  two  formations,  many  of  these  being  very  cha- 
racteristic shells,  such  as  Nucula  Deshayeaiana,  Pectunculus  areatvs. 


*  See  Quarterly  Journal  Geol.  Soc.  vol.  TiiL  p.  277. 
VOL.  X. — PART  I. 


t  loe-  eii.  p.  305. 
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P.  erauusy  Cyprina  rotundata,  Cytkerea  UemgatOy  CardUa  OmM' 
liana,  Foluta  Bathieri,  &c.  Dr.  Sandberger  miikes  out  no  leas  than 
fixty-three  species  common  to  Weinhehn  and  the  Lunboig  series. 
A  large  proportion  of  these  shdls  are  evidently  mnch  water-won, 
and  man^  of  the  biyalves  have  been  perforated  bj  boring  ammik. 
From  this  it  mighty  perhaps,  have  been  inferred  that  thej  had  bees 
washed  in  with  considerable  violence,  and  drifted  into  particolar 
places  as  dead  shells.  But  the  occurrence  of  Sharks'-teeth,  wfaidi 
m  some  localities  are  very  numerous,  shows  that  this  region  mnst 
have  been  for  a  long  time  an  arm  or  basin  of  the  sea  i«tilhitp«1  bv 
marine  animals  untnthe  brackish  natore  of  the  water  interfered  with 
their  existence. 

The  beds  immediatel;^  overlying  the  Marine  Sands,  while  still  oon- 
tainine  many  truly  marme  species,  show  a  decided  oommeneement  oi 
a  brackish-water  fauna,  and  this  character  increases  as  we  ascend  to 
the  Cerithium  and  Littorinella  limestones.  The  following  is  the  hit 
of  fossils  hitherto  found  in  the  Lower  blue  Brown-coal  C3ay  or 
Cyrena-marl. 

Table  II. 

Fossils  of  the  CyreiuMnarl,  or  blue  Broum-eoal  Clay, 

Saxicava,  sp. 

Solecurtus,  sp. 

Mya  pusilla.  A,  Braim, 

Corbuloroya  polita,  J.  Broun. 

—  triangala,  Dueh, 

Tellina  faba,  Sandb. 

Bomia,  sp. 

Cytherea  Botqueli,  HSb, 

— — ^  incraasals,  Sow. 

Cyrena  subarata,  Broun  (veryoommon). 

Cardium  scobinula,  Merian, 

Pectunculua  crassiu,  PhiL 

Nucnla  jnligera,  Sandb, 

Leda  Deshayetiaiia,  Dueh, 

Tichogonia  clavata,  Kramtt, 

MpXivM{taM.oaUO'pro9ineialUf  Lam.) 

Fai^asii,  Brongn, 

Avicala }  trigonata,  Lam, 
Pema  Soldami,  Deth, 
Oftiea  cyathula,  Z«m. 

caUifera,  Lam, 

var.  /3,  minor. 

Natica  glaacmoidesi  Sow, 
Trochus  rhenanas,  Merian, 
Littorinella  Draparnandii,  Nytt. 

obtosata.  A,  Brawn, 

acicula.  A,  Braw%, 

helioella,  A,  Broun, 

gibbula,  A  Broun, 

angulata,  A,  Broun, 

lubrioeUa,  A,  Broun, 

compresuttscola,  A,  Broun, 

acuta,  i>effA. 

Kematura  granulum,  A,  Broun, 
Rissoa  plicata,  Deth, 

nitida,  Orot, 

^calaria  (aff.  S,  reHeuiata^  Phil.). 


Littorina  mogontina,  A^,  ^ 
Mdania  ovifbrmiB,  A,  F 

pemodosa,  Sandb, 

Cerithiimi  incmstatiui,  SckML 

var.  m,  elongatum,  Sant^ 

/3.  Meriani,  A.  Broun, 

margaritaoeum,  BroeekL 

var.  m,  ealcaratam,  Groi, 

—— ^  —  /3.  incrauatam,  Qroi, 

plioatum,  Lam, 

^^  var. «.  crassmn,  Sondb. 

j3.  intennedium,  A,  1 

y,  Galeotti,  Nytt, 

—  cremfenmi,  Dnk, 

abbreriatom,  A,  Broun, 

— — ,  sp.  uioert. 
Chenopus  tridactylaa,  A.  Broun, 
Typhis  cunicolosus,  Dueh, 
Mnrex  conspicaas,  A,  Broun, 
Pknuotoma  belgicom,  Odli{^ 

snbdenticulatam,  Mumt, 

Bucdnum  Cassidaria,  Broun, 

I  sp.  incert. 
Mitra  peiminatB,  A,  Broun, 
Bulla?  ooBdnna,  Wood. 
Planorbis  pseudunmaniua,  VoUm* 
UmnsBiu,  spec  2  unoert. 
Ilelix,  sp.  (aff.  /r.  Uustieino,  ZiegL) 
Serpnla  sinisnona,  Sondb. 
Balanus,  sp.  2. 
Cytheridea  Miilleri,  Mumt, 
SphaBrodus  lens,  Ap. 
Lamna  cospidata,  Ag, 

contortidens,  Ag. 

Zygobates,  sp. 
Antfaraootherium  alsaticam,  Ciw. 
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With  i^ard  to  the  proper  pandletiBm  of  this  formation,  I  may 
quote  the  words  of  Dr.  r.  Sanaherger,  who,  after  giying  the  yarioos 
localities  in  which  each  of  these  fossils  is  found,  observes  that  **  out 
of  the  whole  list  of  twenty-eight  speeies  oommon  to  the  Cyrena- 
maris  and  other  tertiary  deposits^  eighteen  are  oommon  to  the  Middle 
limburg  formation,  and  eight  to  Sie  upper  marine  sand  of  Paris ; 
but,  as  we  have  found  a  still  larger  number  of  species  which  these 
formations  have  in  common  with  the  sands  of  Weinheim,  and  have 
consequently  recoenized  them  as  the  equivalent  of  the  Middle  beds  of 
limborg,  and  as  me  (>rena-clay  is  proved  by  its  position  to  be  newer 
than  the  sands  of  Weinheim,  I  believe  that  it  must  be  paralleled  with 
the  Upper  Limburg  and  the  Septaria-day  of  Northern  Germany." 

I  have  already  observed  that  the  ''  mshwater  limestone"  of  the 
German  geologbts  must  be  considered  as  the  lowest  member  of  the 
Cerithium-Hmestone,  we  must  therefore  take  the  two  following  lists 
together ;  No.  III.  being  that  of  the  so-called ''  freshwater  limestone/' 
aid  No.  rV.  that  of  the  Cerithium-limestone. 

Table  III. 

FouiU  of  the  "  Fre§hwaier  Lmestone  of  the  Oerma$u.'*   (No.  3  of 
the  list  at  p.  260.) 

littorinella  scnu,  Dm*.  HeUz  otcolimi,  Tkonu 

Neritiiim  picu«  Fir,  var. «.  oommuiui, 

Cerithiiim  fabeorrugaiami  d^Orb,  affinis,  TlUnm. 

sobmargmritacmuii,  J*  Brmm,  involuta,  Tkom* 

PlanoftniMmhiif  JtaHf.  var. «.  commimii, 

TdmngtiB  Thomn,  JUtut*  pupols,  J,  Brmm, 

AnricuU  minatiwiiiM,  A,  Brmm,  var. «.  Corcalnm,  A.  Brmm. 

Tnmcatella  miorooent,  A.  Brmm,  ——  —  /3.  paladinaefonnii,  A,  Brmm, 

Adcola  rabtifiMiiiia,  A,  Brmm,  ttenotrypto,  A.  Brmm, 

lataralis.  A,  Brmm,  Helix  vertidlloidei.  A,  Brmm,  Tk, 

Cydottoma  (Craapadopoma)  utricalo-  var.  /3.  ewyoBBphaloa,  A,  Brmm, 

ram,  SmM.  hvpoleioa,  A,  Brmm, 

—  (Megalomaatoma)  Ddinm,  TMom.  —  p.  compreasa,  A,  Brmm, 
(CydoitoiiMia)   biaokatnm,   vom  -«-  discos,  T%om, 

Zmten,  disculos,  A,  Brmm, 

(Pomatias)  labellam,  Tkmm,  ,  nana,  A.  Brmm, 

VitriDA  intennedia,  Rents.  subcellaria,  Thom, 

Helix  Ramondi,  Brongn,  ——  sabladda.  A,  Brmm, 

^-^  BrwuMorum,  Tkmm,  — >-  nitiddoaa^  A,Brmm, 

ditf^aA,A,BrQmL,  Bolimus  mcilis,  T^lom. 

var. «.  communis,  Achatina  (Glandina)  subsolcosa,  Tkom, 

/3.  bortolana,  Thorn,  ( )  Sandbergeri,  Tkom, 

y.  minor,  —        ( )  lubricella.  A,  Brmm, 

o^rtoma,  TMom.  Clansilia  exarata,  .^feyi 

sabaolcoaa.  Thorn,  Pope  variabilis,  Drt^. 

timilis,  Tkom,  — *  var.  fi.  gracilis,  Smtdb, 

Kalmttana,  A,  Brmm.  cylindrella,  A,  Brmm* 

—  Rahtii,  A,  Brmm,  Tk.  -^-^  Dolinm  antiqmm),  A,  Brmm, 
— —  phaoodes,  Tkom.  -*-—  itoadrigraBata,  A,  Brmm. 

lapkideUa,  A,  Brmmu  subdentata,  A,  Brmm. 

pqjchella,  MSiU,  cryptodonta.  A,  Brown, 

—  Tar.  y,  oostelUta,  A,  Brmm.  var.  /3.  Isevis,  A,  Brmm. 

anipiDcata,  A.  Brmm.  ( Vertigo)  trif tircata,  A. 

leiadotridia,  A.  Brmm.  ( },  n.  sp. 

X2 
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Table  III.  (continued). 


Pap*  (Vertiflo)  cUdymodontA,  A. . 

( )  palnttrit,  Tmrttm, 

nor.  7.  minor  oUoiiga,  A.  Brmm, 

trigonoftoma,  A.  Mhmm, 

tiarnlt,  ^.  Brmm. 

ftdcula,  Stmdb, 

Cypriifaba,  Demn, 
SaUmuider. 
ftogt,  5  sp. 


Snaket. 

Liztrds,  2-^  ip. 

Birdi,  3  tp. 

MicTothcrinm  Renggcriy  von  Hiycr* 

Rhmocerot,  sp. 

Paleomeryx  pTgnueus,  vm  Meyer. 

RodentU,  5  tp. 

CaniiTora,3  tp. 

IntectiTon. 


It  may  be  observed,  that,  with  scarcely  an  exoeption,  only  those 
species  have  been  introduced  into  this  list  which  have  been  found  at 
Hochheim. 

Table  IV. 

Fossils  of  the  Cerithium  Limestone, 


Foraminilera,  2  tp. 

Bryoxoa. 

ModioU  angnsta,  A»  Brtttm, 

Mytilui  socialis,  A.  Brtnm, 

—  ?  antiqaomm,  Sow, 

Fai^asii,  Brongn, 

Pema  Soldanii,  De^ 
Pinna  ?.  sp. 

Pitidinm  antiqnnm,  A*  Brmm. 
Cjrena  donadna.  A,  Broun. 
Cytherea  incrassata,  Saw. 
Corbalomya  donacina.  A,  Brtttm. 
Littorina  mognntina,  A.  Brmm, 
LittorineUa  acuta,  Deth, 
Planorbit  dedivis,  A,  Broun. 
lamncot  Thom«i,  Reuse, 
Naritinapicta,iR^. 

concaTa,  Sow. 

Noita  rfaenana,  T^oni. 

Cerithiiim  submaigaritaoeiim ,  A,  Brmm, 

plicatom,  i^mi^ 

—  var.  7.  Galeotti,  Nyet, 

fonna  calva, 

yar.  i,  carviplicatom, 


Cerithiom  Tar.  i.  pmtolatiiiii, 

forma  calta, 

yar.  c  plicato-granalatiim, 

incnistatam,  SekhtM. 

var. «.  elongatum, 

forma  nodosa  et  caHa, 

var.  /8.  Meriani, 

,  n.  sp.  (aff.  C,  Semlartrides.) 

Fotni  brevit,  A.  Brmm. 

Nassa,  tp.  (aff.  N.  retieukUm^    .) 

Cydostoma  bisulcatum,  0011  Zteikem. 

Dolinm,  Thorn. 

labdhim,  Tkom. 

Strophostoma  tricarinatnm,  M, 
Hdix  ddlexa,  A.  Bromu 

oxystoma,  Tkom. 

«—  valdecarinata,  A,  Brmm. 

phacodet,  Thotm. 

parvula,  ^.  Awtoi. 

TertidUoides,  A.  Brmm,  7%. 

lubcellaria,  Tkom. 

lublndda,  A.  Brmmm. 

Balanut,  sp. 
Cyprit,  tp. 


The  great  peculiarity  of  list  No.  3  is  the  very  large  proportion  <^ 
land-shells  which  it  contains ;  but  these,  it  must  be  remembered,  are 
all  deriyed  from  one  or  two  small  localities.  They  are  only  sparingly 
found  in  other  parts  of  the  formation,  and  it  may  be  observed  that 
every  one  of  the  Helices  and  Cyclostomata  found  in  table  No.  IV., 
which  comprises  the  eeneral  contents  of  the  whole  formation,  is  also 
to  be  found  in  list  No.  III.,  which  latter  professes  to  give  only  the 
contents  of  one  or  two  small  localities  near  the  edge  of  the  forma- 
tion, and  where  we  might  fairly  expect  the  remains  of  the  terrestrial 
fauna  of  the  district  to  have  accumulated  on  the  shores  and  margins  of 
the  waters.  The  two  lists  must,  therefore,  be  looked  upon  as  con- 
temporaneous ;  the  one  showing  the  terrestrial  fauna  washed  into 
and  found  on  the  margin  of  the  lake,  the  other  the  real  inhabitants 
of  the  brackish  water. 
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But  to  resume ; — ^the  increiising  brackishness  of  the  water  during 
this  period  is  apparent  from  these  lists,  and  by  the  greater  number 
of  land  and  freshwater  shells  which  are  found  promiscuously  dispersed 
throughout  the  whole  thickness,  but  in  general  more  abundantly  in 
particular  localities.  These  have  eridently  been  washed  into  the 
basin  by  large  freshwater  streams,  emptying  themselves  and  their 
contents  into  the  lacustrine  basin,  and  show  how  the  diminished 
saltness  of  the  water  was  in  part  at  least  occasioned.  They  also 
offer  an  argument  in  favour  of  our  placing  the  whole  Mayence  basin 
higher  rather  than  lower  in  the  geological  scale,  inasmuch  as  amongst 
the  land-shells  we  find  at  least  four  species  still  liying  in  some  parts  of 
£urope,  riz.  Helix  pulchella  (Mull.),  Pupa  palustris  (Drap.),  Pupa 
variMlis  (Brap.),  and  Claunlia  exaraia  (Ziegl.). 

In  addition  to  these  observations,  I  might  idso  quote  the  com- 
parison made  by  Dr.  F.  Sandberger  between  the  land  and  freshwater 
molluscs  of  the  Mayence  basin  and  those  now  Uving,  in  which  he 
has  shown,  that,  with  few  exceptions,  they  have  analogous,  if  not 
identical,  representatives  in  those  of  the  existing  Mediterranean 
basin.  With  regard  to  the  genus  Helix,  Dr.  Sandberger  observes 
that,  amoncst  the  numerous  species  of  Helix  found  at  Hochheim, 
the  true  Mediterranean  groups  of  H.  verticillus  and  H.  serpentina 
preponderate,  and  amonest  those  found  at  Wiesbaden  is  H.  moguntina 
(Deah.),  an  analogue  of  H,  splendida.  In  the  group  of  Helix  ver- 
tieiUus,  the  fossil  species  H.  verticilUndes  (A.  Braun),  H,  amplificata 
(Th.),  and  H.  discus  (Th.)  must  be  noticed. 

The  following  tabular  list  will  show  some  of  the  analogies  observed 
by  Dr.  Sandberger : — 

Rbcsmt.  Fossil. 

Helix  adet,  Partsek, -  Helix  diiciis,  Thorn. 

olivetomm    -»  luboellarii,  T^lom. 

muialis     1 

serpeDtisa  V  (Italy) ■■  —  deflext,  A.  Broun, 

glotnilaris  J 

lerpentina,  F& —  subcarinata,  J,  Braun, 

lent  -■  phacodes,  TTiom. 

lenticala   -■  — *  fapiddella,  ^.  JBhnm. 

tcabriasciila -»  RahtiL 

rotundata —  multicostata,  7%om. 

—  pulchella  —  pulchella. 

—  triaria   —  plicatella,  JSmtt. 

detertorum  -| ^^^^j^ 

^— obvolota  ■»  involuta,  7%oiN. 

Lefebmiana a  ^^  Arnoldii,  T%om, 

penonata =  osculum,  7%oin. 

CUntiUamacaraiia »  Clautilia  bulimoides. 

exarata «  —  exarata. 

But  it  is  unnecessary  to  quote  any  more  instances*. 
*  Sandberger,  Untertachungen,  p.  73. 
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Tablk  V. — FotiiU  of  He  LUtcrmeUa  Limmtome. 


TichogoniA  clavtU,  Krtmtt, 
Mjrtilas  ?  tntiquoniB,  Sow. 

Fujani,  DmA. 

Cyrena  Faajani,  BromgiL 

lerigttt,  Gol4f. 

Cerithium  margaritaceaiD,  Broeehi, 
-— —  plicaiom,  Lamk. 
^—  yar.  e.  p«iftiilatiim, 

incnistataiD,  Sehiotk, 

var.  p.  Meriaoi, 

Neritiiia  llamtilit,  Lam, 

yar.  gragaria,  Thorn. 

UttorineUa  acuta,  Dm*. 

iiiflata,  BroniL 

Palndlna  lento,  Sow, 
Mdanoptis  oli?iila»  Grat, 

—  Tar.  a.  minor. 

var.  /d.  m^ior. 

Melaaoptis  margmala,  J.  Amn. 
LimocttB  pachygaiter,  Tkom. 
,  n.  sp. 

inbpalostrit,  J^om, 

ttriateUns,  Chnai. 

▼nlgaris,  ^»jr. 

~—  minor,  T^hom. 

Planorbii  pseudammoniot,  Volti. 

dedim,  J,  Broun. 

dealbatas,  A,  Brmm. 

—  Kranssii,  voh  Kkin. 
Ancylui  Mattiaoat,  A.  Brmmu 
Auricola  antiqua,  A.  Brtnm. 

minudsdma,  A.  Brmm. 

Hdix  Mattiaca,  Stehung. 
sylvettrina,  wm  Ziethen, 

—  mogantina»  Bmh. 

~—  a,  splendidiefofmia,  A.  Brtttm. 
— *  p.  communif, 

—  r.anbcariMtoy 

subcarinato,  A.  Bratm. 

—  n.  sp.  (aff.  H,  cmuUduiimMi  ) 
punctigera,  Tkom, 

«-^  phaoodes.  Thorn. 

pulchella,  MulL 

Tar.  jS.  coatellato,  A.  Brmm. 

oiculam,  Thom, 

— ^  var.  fi.  depreasa, 

—  var.  y.  g^bosa, 
^—  inyoluta,  Thorn, 

Yar.  p.  dilatoto,  A.  Brmm. 

— —  iteno^Tpta,  A.  Brmm. 

—  Yertidlloidet,  A.  Brmm. 

var.  y.  inorcscena.  Thorn. 

multicosUto,  Thorn. 

^—  lunula,  Thom. 

^—  Thomaeana,  A.  Brmm. 
— —  uniplicato,  A.  Brmm. 
Achatina  subrimaU,  Reuti. 
Clausilia  bulimoides,  A.  Brmm^  T% 
Pupa  qnadrigranata,  A.  Brmm. 
Rahtii,  A,  Brmm. 


Pupa  Ugranata,  Botmm. 
^^^ifSmt^A.  Brmm 

—  crypttMioata,  21.  J 

adcula,  Smdb. 

rVertigo)  obttrocta,  A.  Brmm. 

( )  quadriplicatayif  Jims. 

^—  (— — ;  palnitria,  TwrtmL 
Tar.  a.  ma^  ofata, 

'— ^  Tar.  /9.  minor  aub|^boia, 
Cyprisfilm,  Detm. 
^— anguita,  Rett. 

trigottnla,  Smkih.t  b.  tp. 

Fhiyganea  Mnmbachiana,  BMw§k 

— -*  Blumii,  Bepp. 

Peroa  mQguntina«  Ag. 

Pisce$,tp. 

Salamandra,  sp. 

Bana,sp. 

Ophidia^ap. 

Crocoduus,  sp. 

Trionyx,  sp. 

Aqiidonectes  OotgeBsii,  mr  Jfiyar. 

&nys,sp. 

Clemmys  rfaenana,  vom  Mojfn: 

Palnochelys  tounica,  wm  Meytr. 

Birds,  sp. 

,  eggs,  2  sp. 

Hippotherium  gracile,  fnp. 
Microtheriom  Reoggeri,  mm  Umftr. 

condnnum,  von  Mejftr. 

Hyotherium  me^nm,  von  Mefftr. 

Meissneri,  wm  Meyer. 

Rhinoceros  ineisiTus,  dtier. 

,sp. 

Tapirus  HelTettcoa,  •or  Meyer. 
Pwomeryx  Scheochxen,  t.Meger. 
medios,  mr  Meyer. 

—  minor,  wm  Meyer. 

pygmsns,  wm  Meyer, 

lithomys  panrolus,  mr  Meyer. 
Brachymys  omatna,  wr  Meyer. 
Chalicomys  Eseri,  wm  Meyer. 
Titanomys  VisenoTieiisia, «.  Meyer. 
Bodentia,sp. 

CamiTora,sp. 

Stephanodon  Mombachensis,  v.  if. 
Acanthodon  ferox,  wm  Meyer. 
Ampbicyon  doBsiaaaa,  aoR  Meyer. 

intermediua,  wm  Meyer, 

Klipsteinii,  «or  Meyer. 

Palaeogale  pokhalla,  wm  Meyer. 

tecunda,  mr  Meyer. 

Erinaceus  priscus,  mr  Meyer. 
Oxygomphins  leptognathus,  v.  M. 
Dimylus  paradoxus,  90R  Meyer. 
Talpa  brachychir,  vor  Meyer. 
Sorex  pusiUttS,  vor  Meyer. 
Vespeitilio  pnsoox,  ««r  Meyer. 
insignis,  vor  Meyer, 
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This  list  skms  an  inereasiiig  proportion  of  land  and  freshwater 
dieUs  throug}ioat  the  general  mass,  although  the  whole  numher  of 
qiedes  is  har^  so  great  as  in  the  lower  beds  of  the  Gerithium-lime- 
stone.  There  is  also  a  considerable  change  of  species  between  the 
two  formations,  and  were  it  not  (or  the  Cerithia  and  My  tilt,  which  are 
still  abondant,  ahhongh  the  species  are  few,  this  might  almost  be 
looked  npon  as  a  freshwater  formation.  This  however  is  not  the 
case ;  moreover  certain  species  of  Cerithia  and  Cyrena  Fgujasii  occur 
in  the  orerlying  blue  clays,  so  that  the  brackish-water  period  must 
not  be  considered  as  yet  concluded.  Here  also,  as  in  the  preceding; 
formation,  several  forms  of  land  shells  make  their  appearance  which 
are  strictly  analogous  to,  some  even  identical  with,  those  now  existing 
in  one  part  or  other  of  the  Mediterranean  basin. 


Table  VI. 

FomU  of  the  (hnferous  or  Bone-hearing  Sand. 

Fish,  Ml.  Maorotlieriiim,  sp. 

Crorodiiiis,  ip.  Agnotheriam  aotiqaiini,  Jumji. 

Tortoise,  tp.  Dorcatherimn  Nani,  Km^. 

Hippotheriam  gncfle,  Km^.  Paleomeryx  minor, ».  Meyer, 

Chaliootherimn  antiqnmiii  Kaup,  Cenms  Beitholdi,  Kaup, 

GoMfoasU,  AToty.  Partscfaii,  Km^r. 

Anthraootheriimi  magnmii,  Cmt.  — —  tnooeros,  Kat^, 

Tmpiros  priiciii,  Km^.  —^  dicranocerui •  Kaup, 

Sns  tntediliiTianiiBi  Kmg^,  cartooenu,  Km^, 

palaeochoemt,  Kmgi,  nanus,  Kaup, 

antiquus,  Katqf,  ChaHcomjs  Jsgeri,  Kaup, 

Bhinoceros  Goldfiissii,  Kaup,  Gnlo  diaphoma,  Kaup, 

— *-  Schldermacheri,  Kaup,  ilachairodos  coltridens,  Kaup. 

indnvna,  Cw.  Fdis  aphanista,  Kaup. 

minutns,  Cuv.  — -  ogygia,  Kaup, 

Mastodon  longirostris,  Kai^,  prisca,  Kaiqf, 

IMnotheriiim  gigantemn,  Katip,  — »-  antedilaviana,  Katp, 
BaTaricam,  v.  Meyer, 

The  isolated  character  of  the  deposits  in  which  these  osseous 
remains  are  found  has  been  already  mentioned  in  the  former  portion 
of  this  paper  (pajze  272).  It  is  only  necessary  here  to  observe,  that 
the  occurrence  of  Jnthraeotherium  magnum  (Cuv.),  common  to  the 
Marine  Sands,  and  of  Rhinoceros  incisivus  (Guv.),  R,  minutus  (Guv.V 
PaUeomeryg  minor  (Yon  Meyer),  and  Hippotherium  graeile  (Kaup), 
common  to  the  littorinella-limestone,  proves  that  these  ossiferous 
sands,  although  somewhat  newer,  do  in  realibr  belong  to  the  same 
general  system  of  tertiary  deposits  as  the  underlying  formations. 

I  win  not  attempt  to  point  out  any  inferences  as  to  the  nature  of 
climate  or  geograpnicid  features  of  the  then  existing  country,  which 
might  be  drawn  nrom  the  habits  and  characters  of  the  mammalian 
anmials  whose  remains  have  been  here  preserved ;  I  leave  it  to 
the  palaeontologists  and  cultivators  of  comparative  anatomy,  whom 
we  rejoice  to  reckon  amongst  our  members  and  to  see  on  our 
benches,  to  work  out  the  interesting  problems  connected  with  this  part 
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of  the  questioD ;  but  I  venture,  with  great  diffidence,  to  lay  before 
the  Society  the  reasons  which  haye  led  me  to  incline  to  the  opinion 
that  the  Marine  Sands  of  Weinheim  ought  to  be  looked  upon  as 
Miocene  rather  than  Eocene. 
I  say  Miocene  rather  than  Eocene^  because  I  am  not  altogether 

Iirepared  to  admit  the  correctness  of  these  terms,  in  the  sense  of 
ooking  upon  them  as  two  subdivisions  the  exact  boundaries  of  which 
can  be  accurately  laid  down  or  defined.  I  believe  that  if  we  could 
obtain  sections  of  all  the  European  tertiary  deposits,  from  the  num- 
mulitic  limestone  up  to  the  most  recent  post-pliocene  formation,  we 
should  be  able  to  make  out,  in  one  section  or  another,  a  constant  un> 
broken  sequence,  without  either  brei^  or  interruption.  I  do  not 
mean  to  assert  that  no  local  changes  or  interruptions  took  place  during 
this  period;  on  the  contrary,  they  were  probably  very  frequent. 
Animal  life  also  was  undergoing  a  slow  but  gradual  change,  from 
the  earliest  post-cretaceous  to  the  existing  forms,  regulated  according 
to  the  more  or  less  favourable  conditions  under  which  it  was  placed, 
contemporaneously  with  the  changes  going  on  in  the  physical 
condition  of  the  region ;  but  I  do  not  bdieve  that  these  changes  or 
disturbances  were  universal,  or  that  the  causes  which  occasioned  the 
destruction  of  one  species  and  the  introduction  of  another  operated  at 
the  same  epoch  in  all  parts  of  the  then  European  seas.  In  process 
of  time,  as  the  different  changes  in  relative  height,  in  elevation  above 
and  depression  beneath  the  mean  level  of  the  ocean,  extended,  did  the 
change  in  animal  life  also  extend,  modifying  it  everywhere  on  the 
same  general  principles,  again  to  be  locally  modified  by  the  differ- 
ences of  soil,  rocks,  and  sea^bottoms,  until  it  had  traveUed  through 
all  the  changes  from  the  commencement  to  the  dose  of  the  tertiary 
epoch. 

I  have  said  thus  much  to  show  that  I  do  not  attach  any  ereat  im- 
portance abstractedly  to  the  question  as  to  whether  the  beds  we  are 
now  considering  should  be  called  Upper  Eocene  or  Lower  Miocene ; 
for  although  I  think  they  contain  a  greater  number  of  fossils  iden- 
tical with  those  found  in  other  countries  in  formations  above 
rather  than  below  them,  the  mere  name  of  the  beds  is  not  the  real 
question  before  us.  One  thing  however  is  certain,  that  they  have  a 
greater  resemblance  with  the  Limburg^  and  particularly  with  the 
Klei/n  Spawen  beds,  than  with  any  other  known  European  formation. 
They  contain  also  some  fossils  similar  to  those  below,  and  others 
identical  with  those  above.  As  however  the  question  has  been  raised, 
whether  they  should  be  placed  in  the  Eocene  or  Miocene  subdi- 
vision, I  will  briefly  state  my  reasons,  founded  on  physical  as  well 
as  on  paleeontological  grounds,  for  the  conclusion  at  which  I  have 
arrived. 

It  is  well  known  that  the  author  of  this  nomenclature  founded  his 
system  on  the  different  proportions  of  the  fossil  shells  found  in  each 
formation  which  are  identical  with  living  species,  on  the  assumption 
that,  in  proportion  as  we  ascend  to  a  higher  bed,  the  greater  is  the 
identity  between  its  organic  contents  and  the  existing  fauna;  and 
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although  he  refiises  to  entertain  the  idea  of  connecting  these  divisions 
with  sadden  and  violent  interruptions  in  the  ordinary  course  of 
events,  or  with  violent  revolutions  in  the  physical  geography  of  the 
earth's  surface,  he  cannot  deny  that  the  changes  of  strata  are  owing 
to  physical  causes  and  to  alternate  elevations  and  depressions  occa- 
sioned hy  snhterranean  convulsions.  If,  then,  these  subdivisions  of 
Eocene,  Miocene,  and  Pliocene  are  to  be  considered  as  representing 
true  geological  horizons,  it  must  be  admitted  that  they  depend  on 
some  external  facts,  some  natural,  but  partial  convulsions,  which,  by 
altering  the  relative  levels  of  land  and  water,  or  by  other  similar 
causes,  changed  the  conditions  of  life,  causing  the  destruction  of  some 
then  existing  species,  and  producing  the  necessary  conditions  for  the 
introduction  or  creation  of  new  ones.  If  this  be  not  the  case,  the 
lines  or  divisions  are  made  to  depend  on  the  accidental  varieties  of 
numbers,  which  may  be  owine  to  merely  local  or  temporary  causes, 
and  could  hardlv  be  considered  as  a  sufficient  basis  for  a  philosophi- 
cally-established nomenclature. 

It  is,  therefore,  not  unreasonable  to  assume,  that,  wherever  the 
real  line  of  demarcation  between  any  two  subdivisions  is  to  be  drawn, 
some  physical  change  or  convulsion  must  have  occurred  at  no  great 
distance,  by  which  the  conditions  of  life  were  suddenly  altered, 
although  further  off  no  real  break  took  place  in  the  continuity  of 
deposits,  and  there  the  change  of  species  was  so  gradual,  and  almost 
imperceptible,  that  it  was  impossible  to  draw  a  true  geological  line  of 
separation.  Where,  however,  the  sudden  change  did  take  place,  there 
the  line  of  demarcation  can  be  distinctly  drawn,  and  will  thus  serve 
as  a  correct  ^de  to  the  separation  of  other  beds.  We  have,  then, 
no  difficulty  m  saying,  where  one  deposit  ceases,  "This  is  the  end  of 
the  old  system,"  and  where  a  new  deposit  commences,  "  This  is  the 
b^;inning  of  die  new  system."  Now,  this  is  preciselv  the  position 
we  are  in  with  regard  to  the  Weinheim  beds  of  the  Mayence  basin. 
They  have  been  satisfactorily  shown  to  be  identical  with  the  Middle 
limburg  beds ;  the  Middle  Limburg  beds  are  part  of  a  continuous 
series,  gradually  mergme  into  those  below  ana  those  above.  They 
are  called  indiscriminate^  Upper  Eocene  by  one  author.  Lower  Mio- 
cene by  another ;  and,  belongmg  partially  to  both,  they  can  yet  be 
iully  oamied  by  neither.  With  the  Weinheim  beds  the  case  is  very 
different ;  they  can  be  shown,  under  successive  modifications,  clearly 
to  belong  to  the  same  system  as  the  beds  above,  but  they  have  no 
relation  whatever  to  those  below.  They  lie  unconformably  on  the 
Carboniferous  Sandstone ;  they  form  the  commencement  of  a  series, 
the  basis  of  the  whole  system.  Here,  then,  we  are  enabled  to 
say,  "  This  is  the  beginning  of  the  new  system ;"  and  we  have  con- 
sequently no  difficulty,  and  ought  to  have  no  hesitation,  in  looking 
on  the  Middle  Limburg,  as  well  as  the  Weinheim  beds,  as  the  com- 
mencement of  the  Miocene  series. 

It  would,  I  think,  be  inconsistent  with  all  analogy  to  call  a  bed, 
which  uneanivocally  forms  the  commencement  of  the  whole  tertiary 
system  in  tne  country,  the  upper  bed  of  an  old  expiring  series,  rather 
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ihaxk  the  lowest  bed  of  a  new  series ;  the  latter  being  in  accordance 
with  its  true  position,  the  former  supposition  being  at  Tarianoe  with 
the  local  facts,  and  unsupported  bj  satisfactory  evCdenoe. 

These  are  the  prindjpal  reasons  which  have  induced  me  to  refer 
the  Marine  Sands  of  Weinheim  to  the  Miocene  rather  than  to  the 
Eocene  formation,  and  not  on  account  of  any  yague  numerical  pro- 
portion of  forms  agreeing  more  with  the  recent  than  with  the  older 
beds.  No  doubt  th^  contain  many  Eocene  forms,  but  we  are  not 
to  assume  that  all  life  was  destroyed  at  each  snccesaye  period  of 
change.  The  old  forms  were  doubtlessly  washed  into  the  newly 
created  seas,  dead  or  alive,  from  the  pre-existing  Eocene  waters ; 
besides  which,  many  species  may  have  hved  dirough  the  change,  as 
we  find  species  existing  through  the  whole  tertiary  pmod,  notwith- 
standing the  many  successiTe  changes  to  which  they  must  have  been 
exposed*. 

Part  III. 

On  the  Ancient  Geographical  Character  and  Connection 
OF  THE  Sea  in  which  the  Marine  Fauna  of  the  Mayence 
Basin  was  deposited. 

One  of  the  most  interesting  questions  connected  with  the  locality 
of  the  Mayence  basin,  and  its  marine  fauna,  is  the  msulated  cha- 
racter of  its  position,  and  its  probable  channels  of  communication 
with  the  then  existing  ocean.  The  opinion  generally  entertained  by 
the  Grerman  geologists  is,  that  the  region  occupied  by  these  marine 
formations  was  at  the  period  of  their  deposition  an  inland  lake 
(Binnen-See),  having  no  direct  communication  with  the  ocean,  bat 
containing  a  somewhat  similar  fauna  in  consequence  of  the  saltness 
of  its  water.  The  abundant  occurrence  of  Sharks'  teeth  of  seferal 
species,  and  the  remains  of  Halianassa  CoUinii  in  numerous  places, 
sufficiently  disprove  this  hypothesis.  Notwithstanding  the  present 
difference  of  levels  between  the  existing  sea  and  the  marine  beds  of 
Weinheim,  amounting  to  between  500  and  600  feet,  and  the  com- 
plete insulation  of  the  region,  these  remains  are  a  convincing  proof 

*  It  mutt,  however,  in  justioe  be  admitted,  that,  if  this  role  ib  fixUy  canied  oat, 
we  must  not  attempt  to  applvtoo  arbitrarily  the  nomendature  of  one  place  to  the 
circumstances  of  another,  when  the  physical  changes  which  have  distarbed  the 
continuity  of  organic  life  hare  taken  plaice  at  different  periods.  For  example,  in 
Belgium  there  is  no  break  in  the  Limburg  beds  in  the  continoity  of  deposition. 
In  Mayence  the  new  system  begins  with  the  eqaivalent  of  the  Middle  Umbaxi^ 
series.  In  another  country  the  physical  change  took  place  at  a  later  period,  via. 
after  the  Upper  Limburg  beds  or  their  equivalents  were  deposited.  There  we 
find  a  regular  sequence  ci  beds  from  the  London  clay  to  the  Upper  Limburg,  and 
then  it  suddenly  ceases,  until  it  is  overlaid  by  diluvial  deposits.  Here,  then,  we 
find  that  the  equivalent  of  the  bed  which  in  the  first  locality  was  shown  to  be  te 
commencement  of  a  new  series,  and  consequently  is  called  Mioeene,  proves  to  be 
in  another  place  the  termination  of  the  old  series.  We  have  no  means  of  avoid- 
ing the  conviction  which  forces  itself  upon  us,  that  we  must  call  it  Eocene.  Thus, 
the  same  beds  which  I  call  Miocene  in  Mayence,  may  with  perfect  proprie^  be 
called  Eocene  by  Prof.  Forbes,  in  the  Isle  of  Wight.~July  12,  1854.~W.  J.  H. 
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that  the  sea  in  which  the  hecb  in  qu^tion  were  formed  must,  at  the 
period  of  th^  deposition,  haTe  been  in  direct  connection  with  a  then 
existing  ocean.  The  nnmeroos  remains  of  Sharks  also  show  that 
that  ocean  was  not  ezclusiTely  an  Arctic  one ;  and  even  the  Halia-* 
nasaa  tells  the  same  story,  its  remains  haying  hitherto  been  found  in 
the  Mdasic  of  Switaerhmd,  and  at  Malta.  On  the  other  hand,  the 
krge  Cyprina  rotundata,  which  can  hardly,  if  at  all,  be  distinguished 
from  the  recent  C.  isiandiea,  shows  that  we  must  not  look  ezmsively 
to  a  warm  or  semi-tropical  connection. 

The  numerous  yolcanic  regions,  and  the  eyidence  of  igneous 
agency  of  yarious  periods,  l^  which  this  district  is  surrounded, 
p(Mnt  at  once  to  the  causes  which  produced  the  different  changes  of 
relatiye  feyel  by  which  this  connecticm  was  br(^en  off.  I  will  here 
onfy  allude  to  a  few  of  them.  The  great  yolcanic  r^on  of  the 
Eifel,  lying  to  the  north  and  north-west  of  the  Hundsruck,  whidb 
forms  me  N.W.  boundary  of  our  district,  is  one  of  the  recent  results 
of  Igneous  acticm.  The  outpouriugs  of  basaltic  rocks,  which  haye 
eley^ed  and  broken  up  the  Brown-coal  deposits  of  the  Westerwald, 
must  haye  been  actiye  agents  in  modifying  the  physical  configursticm 
oi  this  country.  The  oasalts  of  the  F^telgebirge,  and  those  in 
the  yicinity  of  Hanau  and  of  Frankfort,  and  in  the  Coal-field  of  the 
Wetterau,  haye  probably  been  equally  eifectiye. 

Let  us  now  look  at  the  yarious  tertiary  deposits  existing  in  the 
ne^bonrinff  countries,  to  see  how  &r  any  connection  between  their 
areas  and  mat  of  the  Mayence  Basin  may  be  supposed  to  haye 
existed. 

L  ^^^uim.— From  the  eyidence  brought  forward  in  the  former 
part  of  this  paper  (page  279),  there  can  be  no  doubt  as  to  the  great 
resemblance  between  the  fossUs  of  the  Weinheim  sands  and  those  of 
the  Middle  Limburgbeds,  and  particularly  the  so-called  Pectunculus- 
bed,  constituting,  according  to  Sir  C.  LyeU,  the  upper  portion  of 
those  Middle  Limburg  beds. 

The  large  proportion  of  identical  species  in  these  two  formations 
is  alone  sufficient  to  lead  to  the  conyictiou  that  some  connection  must 
haye  existed  between  these  two  marine  basins.  Three  species  of 
LamnOf  yiz.  L.  cuspidata,  Ag.,  L.  dentieulata,  Ag.,  and  L,  contar- 
Hdens^  Ag.,  also  occur  in  these  beds,  which  are  not  only  found  in  the 
limbure  beds,  but  in  those  near  Turin. 

II.  With  the  tertiary  formations  of  France,  no  special  direct  com- 
municatbn  appears  to  exist,  beyond  what  may  be  traced  through  the 
tertiaries  of  JBelgium.  The  two  districts  are  here  separated  by  a 
large  tract  of  intenrening  mountain-ranges,  consisting  of  Jurassic, 
liassic,  and  carboniferous  rocks,  against  which  the  Weinheim  beds 
appear  to  haye  been  subsequently  deposited. 

III.  Switzerland. — I  greatly  regret  not  haying  yet  had  an  oppor- 
tunity of  seeing  Prof.  Studei^s  second  yolume  on  the  Geology  of 
Switzerland,  in  which  the  fossUs  of  the  Molasse  are  worked  ovX*, 

*  Since  the  above  was  written,  the  second  volame  of  Prof.  Studer^B  work  has 
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The  collection  in  the  museum  at  Berae  was  not,  when  I  yiaited  it, 
completely  arranged,  nor  were  the  localities  given  with  such  a  degree 
of  accuracy  as  to  show  from  what  portion  of  the  Molasse  the  large 
collection  of  MoUusca,  classed  generally  as  belonging  to  it,  was 
derived.  The  principal  features  which  struck  me  were  the  great 
preponderance  of  Bivalves,  and  the  rather  more  recent  faciei  of  the 
whole  collection.  It  is  well  known  that  this  formation  is  veir 
generally  extended  over  the  gr^t  central  vallev  of  Switzerland, 
between  the  Alps  and  the  Jura ;  it  is  to  be  traced  in  almost  all  the 
valleys  of  the  Jura,  forming  terraces  on  the  sides  of  the  hills,  or 
occup3ring  the  bottoms ;  and  it  also  occurs  in  most  of  the  valleys  on 
the  northern  flank  of  the  Jura,  opening  into  the  valley  of  the  Rhine 
below  Basle  f ;  and  a  few  miles  from  Basle,  north  of  the  Rhine,  at 
Lorrach  in  Baden,  is  one  of  the  best  localities,  according  to  Prof. 
Merian,  for  studying  the  Molasse  formation,  where  it  occurs  as  a 
kind  of  calcareous  rock  (formerly  extensively  quarried),  and  overlaid 
by  freshwater  limestone.  Indeed  it  is  said  that  this  formation  may 
be  traced  all  round  the  basin  of  the  ancient  sea,  and  along  the  hills 
of  Alsace,  where  a  large  [n)ecies  of  Ostrea  is  found  attached  to  the 
Jurassic  limestone,  on  which  it  once  mw  when  this  Umestone  formed 
the  cliffs  rising  up  from  the  shore  of  the  tertiary  sea. 

When  we  look  at  the  physical  connection  between  the  formations 
of  the  Mayence  basin  and  the  older  rocks  against  which  they  are  de- 
posited, it  is  evident  that  the  hills  which  constitute  the  western  side 
of  the  Valley  of  the  Upper  Rhine,  forming  the  mountains  of  the 
Haardt  and  the  Vosges,  had  already  assumed  in  a  great  measure 
their  present  forms  and  characteristic  outlines  before  the  deposition 
of  the  tertiary  beds.     On  the  western  side  of  the  Rhine  the  tertiary 

reached  England,  giving  the  results  hitherto  ohtained  respecting  the  fossQ  con- 
tents of  the  Molasse.  In  general,  however,  the^  specimens  are  so  imperfectly  pre- 
served, that  it  is  difficult  to  make  out  the  species  accurately.  Yet,  from  ^e  list 
published  by  Prof.  Studer,  it  is  remaricable  what  a  large  proportion  <^  the  Molbuet 
of  the  older  Molasse  of  Basle,  Porrentruy,  &c,  are  identical  with  the  fossils  of 
the  Mayence  basin.  After  describing  these  Molasse  beds,  and  hesitating  as  to 
whether  they  should  be  referred  to  the  Eocene  or  Miocene  groups,  showing  that 
in  some  places  they  approach  an  eocene,  in  others  a  miocene/octet,  Prof.  Studer 
observes  that  there  is  a  remarkable  analogy,  which  might  almost  be  called  identity, 
between  the  North  Jura  marine  tertiary  formation  and  that  of  the  Mayence  basin ; 
not  only  in  the  rock  itself,  but  in  its  organic  remains,  singularly  like  those  of  the 
Mayence  basin ;  and,  although  many  species  are  difficult  to  ident^,  some  of  the 
most  characteristic,  as  HaUanaua  and  Fishes,  Ceriihiat  Natiea  giffoniea,  Pmap^sa 
intermedia^  Corbula  pintmt  Peetvneubu  erauui,  and  Ottrea  CoUiui,  are  common 
to  both  formations. 

t  It  now  appears  from  Prof.  Studer's  work,  that  the  Molasse  formation  must  be 
separated  into  two  chief  divisions :  1.  That  of  the  Northern  Jura ;  2.  That  of  the 
Interior  or  Mittel-land.  The  former  is  overlaid  by  a  freshwater  formation ;  the 
latter,  which  assumes  a  more  recent  character,  is  divided  into  two  subdivisions, 
—the  subjurassic  and  subalpine  zones,  and  lies  between  two  freshwater  forma- 
tions. Of  these,  the  fauna  of  the  Subjurassic  zone  has  considerable  resemblance 
with  that  of  the  Marine  Molasse  of  Basle ;  while  the  fauna  of  the  Subalpine  zone  is 
compared  with  that  of  Bordeaux,  Vienna,  and  the  Subapennine  formation  of  the 
North  of  Italy. 
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limestones  may  be  traced  at  nearly  the  same  level,  following  the  sinu- 
osities of  the  yallejs,  and  appeanng  as  beaches  of  the  ancient  sea ; 
thns  agreeing  with  what  we  have  weady  seen  to  be  the  case  in  the 
Talleys  of  Switzerland.  On  the  eastern  side  of  the  Rhine,  where 
Tolcanic  outbursts  of  a  more  recent  period  are  visible,  the  eyidence  is 
not  so  condusive;  but  even  here,  tertiary  beds  of  sandstone  and 
Molasse  can  be  made  out  in  various  places,  as  at  Heppenheim,  be- 
tween Darmstadt  and  Heidelbers,  and  further  south  near  Offenburg- 

IV.  Extending  our  view  to  the  other  tertiary  deposits  round  the 
district  we  are  examining,  we  meet  with  the  interestmg  formations  of 
the  \ienna  Basin.  The  general  character  of  most  of  the  fossil 
remains, — ^for  they  are  said  to  belong  to  two  periods, — ^which  have  been 
found  in  this  formation,  to  which  the  name  of  "  T^el  '*  has  been  ap- 
plied by  the  German  geologists,  and  a  list  of  the  chief  of  which  has 
been  published  by  the  Imperial  Geological  Institute  of  Vienna,  ap- 
pears to  be  more  recent  than  that  of  the  Weinheim  fossils.  According 
to  Burmeister  *,  these  middle  tertiary  formations  extend  in  Germany 
down  the  Valley  of  the  Danube  from  the  Lake  of  Constance  to 
Vienna,  and  stretch  along  the  base  of  the  Carpathian  Mountains. 
This  author  considers  the  Tegel  formation  to  be  nearly  if  not  quite 
contemporaneous  with  the  Molasse  and  Nagel-fluhe  of  Switzerland. 

The  following  species  are  common  to  the  lists  published  by  the 
Imperial  Gkoloeical  Institute  and  by  Prof.  Studerf  as  belonging 
to  the  younger  Molasse : — 

Conns  Merctti,  BroeehL  Turritella  terebnJis,  Lam, 

Ancflltria  glandifonnii,  Lam.  Riepellii,  PartteK 

Mitrt  fustformis,  BroceM,  Trochut  patnlus,  Broeehi. 

Colnmbelk  curta,  BellardL  Sigaretus  haliotoideus,  Lam, 

nassoides,  BeUardi.  Natica  millepunctata,  Lam, 

Bnodnum  reticulataiD,  Grot.  Crepidula  ungaiformis,  Lam, 

•emistriatam,  Bn»e.  Mactra  podolica,  EiekwakL 

-»-^  motabile,  Linn,  Corbula  reTolutai  Broe, 

—  baccatnm,  Batterot.  Ladna  diTaricata,  Lam, 

Roatellaria  pet-pelicani,  Lam,  Cjtherea  pedemontana,  Aganiz, 

Banella  marghiata,  Lam,  — ^  eiydnoides,  Lam, 

Paint  bnrdigalentis,  Grot,  »—  mnltilamella,  Lam, 

CanceUaria  cancelli^  Lam,  Venus  plicata,  Gmd, 

Pteurotoma  aspemlata,  Lam,  Cardiam  Deshayesii,  Payr, 

_  pustulata,  Broe,  Area  barbata,  Lhm, 

torricnla,  Broe,  diluvii,  Lam, 

Ceritbinm  margaritacenm,  Lam,  Pecten  Solarium,  Lam, 
scabmm,  Dnh, 

Many  other  identities  will  probablv  be  found  to  exist,  when  the 
synonyms  shall  have  been  more  carefully  examined.  Dr.  Sandberger 
informs  me  that  he  was  much  struck,  on  visiting  the  Vienna  basin 
last  year,  with  the  remarkable  analc^es  between  it  and  the  upper 
portions  of  the  Mayence  basin. 

V.  The  next  tertiary  deposit  to  which  we  must  allude  are  the 

*  Geschicbte  der  Schopfung,  fourth  edition,  p.  275. 
t  Geol.  Switzerland,  vol.  iL 
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Brcum-eoal  bed$,  existiiig  in  numerous  localities  on  tlie  firontien  of 
Sixony  and  Bohemia.  I  am  unable,  however,  to  give  any  details  of 
it ;  but  its  existence  is  worth  mentioning  in  connection  with  the  beds 
to  which  we  must  now  allude. 

VI.  At  Wester^ln,  in  the  neighbourhood  of  Magdebu^  an 
interesting  tertiary  rormation  exists,  founding  in  fossils,  which  is  now 
beginning  to  attract  considerable  attention.  It  is  of  peculiar  import- 
ance with  reference  to  the  correct  position  of  the  Mayence  basin, 
inasmuch  as  its  exact  relation  to  tins  formation  appears  from  Dr. 
Sandberger's  statements  to  hare  been  satisfactorily  made  out.  These 
sands  or  sandstones  of  Westereffeln  are  parallelea  with  the  Septaria- 
day  of  Gelle,  Berlin,  and  Mecklenburg.  It  is  said  to  oTcrue  the 
Brown-coal  formation  of  the  WesterwiQd,  which  is  itself  the  upper- 
most of  the  two  Brown-coal  formations  of  the  Mayence  basin.  It 
forms  a  portion  of  those  tertiary  formations  which  extend  through 
Northern  Germany,  from  the  confines  of  Holland  and  Belgium,  cm 
the  west,  to  the  Oder,  on  the  east,  and  the  fossils  of  which  are  now  in 
the  course  of  pubUaUion  by  Dr.  Beynch  of  Berlin.  It  is  a  portioa 
of  the  same  great  oceanic  deposit  which  has  been  already  observed  in 
the  vicinity  of  Cassel,  although  the  exact  parallelisms  of  age  have 
not  yet  been  fully  worked  out ;  but  the  general  resemblance  of  the 
Cassel  beds  to  those  of  Weinheim  is  sufficiently  clear  from  the  fbl- 
lowi^  extract  of  a  private  communication  which  I  have  received  from 
Dr.  F.  Sandberger  :— 

*' At  Cassel  I  observed  the  following  section,  in  descending  order. 
1st.  Cassel  marine  beds.  2nd.  Clay  with  calcareous  nodules,  con- 
taining the  same  fossils  as  the  Wiesbaden  beds.  3rd.  Quartaoee 
sandstones,  occasionaUy  containing  leaves  not  yet  made  out.  4th. 
Brown-coal  deposits  separated  by  layers  of  clay.  5th.  As  the  basis 
of  the  whole  deposit,  and  immemately  resting  on  the  Musdielkalk,  a 
bed  of  clay,  containing  the  characteristic  fossus  of  the  Cyrena-marls  " 
(the  lower  blue  clay  df  Weinheim). 

The  following  list  will  give  aome  idea  of  the  fossil  contents  of  die 
Westeregeln  beds.  I  have  received  it  from  Dr.  Sandberi^,  and  it 
must  be  understood  as  only  giving  those  species  which  he  has  already 
received ;  I  believe  it,  however,  to  be  nearly  complete. 


Table  VII. 

List  of  Fossils  Jrom  the  Magdeburg  Sands  hitherto  received  by 
Dr.  Sandberger. 

(Those  mirked  with  tn  asterisk  *  ooear  in  the  Wemheim  beds.) 

*Ttxeio,  sp.  Astarte  HenkeliiisUiia,  Ny9i. 

Teredina  HotAnanni,  PhiL  vetula,  PML 

*Corbiila  striata,  Lam.  ,  sp.  (aff.  J.  graeiSs,  Manst) 

* pisnm,  Sow,  Diplodonta  apiealis,  PkiL 

Henkdiusiaiia,  Nptt.  Cardium  porulosam,  Brsmi. 

TeUina  donaeialis,  Utm.  * teniiisiUcatiiiD>  Njftt. 
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Tabu  VII.  (continued). 


CypTksrdii  pecthiiftn,  Sow. 

Gvdita  (iff.  C,  aemkata,  Poll). 

ATdlsna,  PkiL 

* orbicularis,  Bmm, 

aoalis,  PAi^ 

Craasatella  intennedia,  Np$t, 

PectaiiciilQt(air.P./wMia/i»4jam.). 

Umoptti  graaulaitt,  1.0111. 

Nnenla  Dedienii,  PM. 

Leda  Galeottiana,  Ay«/. 
*Pmiia  mamritacea,  Xom. 
*Panopaea  Hebertiana,  Bosf, 

Pecten  Solea,  2>etA. 

Ostiea  ^entikbnim,  Gotif. 

,  ip.  nndeterm. 

Anemia    orbiciilata»   Nptt  (Don 
Broeeki). 

BvDm  apiema,  P/Itt 

— -,  ip.  undeterm. 

Tonialdla,  n.  sp.  (aff.  71  timulMUtf 
Brand.) 
^Nafcica  Hantoniensis,  Saw. 
^ glancinoides,  Saw, 

Calyptnea,  sp.  nndetenn. 

lattorina  sculpta,  Sow. 

Scalaria,  map. 

Tnrritella,  n.  sp. 

Planaiii,  ii.ip. 

Solarium  plicatmDi  Lam* 

Pleurotoma  tnrtkidulimiv  Nywt. 
* conoidenm,  Brtrnd. 

Volgeri,  PkU. 

uniaeriale,  Duh. 

* flexoosum,  Utiiiff. 

* Waterkeyiui,  Nytt. 

gnmnlatiim,  lam. 

* Selytii,  De  JTofi. 

^'  var.  temilavef  Phfl. 


PleorotoBia  imiltScostaAiiiiiy  Lom. 

yreatrkatamf  Ltm. 

— *- attenaatani,  Xoni. 

Bononia,  n.  tp. 
^Fqbqs  elongatut,  Nytt. 

fbniculosos,  Lam. 

pUcadeUiUi  Lam. 

ccM^uiietus,  Dmk. 

9  sp.  undetemi. 

Pynila  laevigata,  Xom.  var. 

clatbrata,  Lam, 

*Canoellaria  evulM,  .A-mdL 

,11.  ip. 

Typhis,  sp. 
*Tritoiiium  argutnm,  Brand. 

Chenopos,  sp. 
*Cassidaria  depressa,  v.  Back. 

Baednuin  fbnforme,  Dmk. 

liitra  mai^ginata,  XoM. 

,  sp. 

Terebra,  sp. 

Voluta  seminranosa,  Ny$i. 
'      snturaBs, 

labrom,  PAil. 

eximia,  Beyr. 

Cypnea  sphserica,  PML 

Mars;iiie]la  OTulata,  Xom. 

Terebellam,  sp. 

Ancillaria,  n.  sp. 

buednoides,  Lam. 

Conus  Allionii,  MiehelotH. 

Dentalium  acutum,  Hifb. 

,8p. 

Serpnla  tortiinata,  PM. 

Nomoniiia  ma^debnrgica,  PM. 

Limulites,  sp. 
*Lamna  cusj^data,  Ag. 
*—  contortidens,  Jg. 


YII.  Lastly,  I  will  only  briefly  allude  to  the  freshwater  deposits 
of  Bavaria  and  of  Wurtemberg^  iound  in  the  neighbourhood  of  Ulm. 
These  contain  nearly  the  same  land  and  freshwater  Molluscs  as  the 
LittorineUa-limestone  of  Hochheim  and  Wiesbaden ;  but  I  am  not 
cware  that  they  have  ever  yet  been  found  to  rest  on  or  to  be  as- 
sociated with  ue  marine  tertiaries.  They  represent  great  ii^and 
freshwater  lakes,  and  are  therefore  not  so  dureetly  connected  with  the 
objects  of  this  memoir. 

Having  thus  briefly  laid  before  the  Society  the  principal  facts  con- 
oected  with  those  tertiaiy  marine  flmnations  which  are  found  in  the 
nearest  propinquity  to  the  Mayence  bsBin,  we  shall  be  enabled  to 
form  some  opinion  as  to  the  real  connection  between  these  beds  and 
the  ancient  ocean.  It  seems  probable  that  at  some  period  during  the 
middle  tertiary  epoch  a  communication  existed  between  what  now 
forms  the  Mediterranean  to  the  south,  and  the  great  northern  ocean 
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which  extended  over  the  greater  part  of  northern  France,  Belgimn, 
Holland,  and  the  north  of  Germany.  The  nucleus  of  the  European 
Continent  was  then  but  a  group  of  detached  rocky  islands,  some  of 
them  consbting  of  long  mountam-ridges  or  backbones,  indicating  the 
line  of  subsequent  mountain-chains,  and  more  or  less  connected  by 
submerged  reefs  with  each  other  or  with  other  masses  of  land  which 
appeared  above  the  surface  of  the  water.  That  a  considerable  por- 
tion of  the  Alpine  chain  has  been  elevated  at  a  comparatively  recent 
tertiary  period,  we  know  from  the  late  investigations,  amongst  othos, 
of  Sir  B.  I.  Murchison,  whose  elaborate  paper,  on  the  Geological 
structure  of  the  Alps,  Apennines,  and  Carpathians,  not  only  points 
out  the  extraordinary  disturbances  which  have  occurred  in  the  Alps, 
but  shows  that  the  earlier  tertiary  formations,  the  nummulitic  lime- 
stone and  the  "  Flysch/'  have  been  so  tilted  as  to  assume  not  only  a 
vertical,  but  even  an  inverted  position,  and  that,  while  they  show  a 
thickness  of  more  than  8000  feet,  thus  proving  the  great  length  of 
time  during  which  their  deposition  was  taking  place,  mey  have  been 
raised  to  me  height  of  many  thousand  feet  above  the  level  of  the 
sea.  But  this  is  not  all :  the  same  remarks  apply  to  the  Nagelfluhe 
and  the  Molasse  formation,  also  exceeding  6000  or  8000  feet  in  thick- 
ness, and  of  a  more  recent  date ;  so  recent  indeed,  that  Sir  Roderick 
Murchison  does  not  hesitate  to  refer  them  to  the  older  Pliocene  age ; 
and  yet  they  are  described  as  having,  both  on  the  northern  and  southern 
flanks  of  the  Alps,  been  raised  into  a  vertical,  and,  in  some  places, 
even  an  inverted  position.  Thus,  admitting  even  Uie  Molasse  to  be 
of  a  more  recent  period  than  the  Mayence  beds,  we  have  here  suffi- 
cient evidence  of  a  great  portion  of  the  North  of  Italy,  the  Alpine 
district,  and  even  the  Northern  parts  of  Switzerland,  having  been 
covered  by  the  waters  of  the  sea,  not  only  during  the  earliest,  but 
during  the  most  recent  period  of  the  tertianr  epoch,  leaving  only  the 
highest  portion  of  the  mountain-peaks  as  islanas. 

Agam,  to  the  north,  we  have  evidence  of  considerable  elevation  and 
disturbance,  although,  perhaps,  not  to  the  same  extent ;  nor  can  we 
be  at  a  loss  to  ascertain  some  at  least  of  the  causes  which  have  pro- 
duced these  results.  The  volcanic  outbursts,  attributable  to  the  ter- 
tiary period,  which  abound  in  the  greater  part  of  the  western  and 
central  portions  of  Germany,  point  out  to  us  the  causes  of  these  disturb- 
ances. They  belong,  however,  to  different  periods ;  consequently  the 
results  they  have  produced  are  local.  But  it  is  not  only  with  phseno- 
mena  of  elevation  that  we  have  to  do ;  evidence  of  depression  is  also 
there,  and  that  is  exactly  what  we  should  expect.  Elevation  in  one 
spot  is  in  most  cases,  if  not  always,  accompanied  by  depression  in 
another.  The  ver^  fact  of  the  enormous  thickness  to  which  the  ter- 
tiary formations  of  the  Alps  have  been  accumulated,  is  a  convincing 
proof,  that,  contemporaneously  with  their  deposition,  subsidence  must 
also  have  been  going  on,  or  they  could  never  have  attained  to  such  a 
thickness.  The  eruptive  phsenomena  of  the  Eifel  belonffine  to 
various  ages,  the  basaltic  outbursts  of  the  Westerwald,  the  Fiimtel- 
gebirge,  and  the  Wetterau  have  all  contributed  to  bring  about  those 
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changes  whidi  first  produced  and  then  cut  off  the  commonication  be- 
tween the  Mayence  oasin  and  the  German  Ocean. 

The  Mayence  beds  rest  immediately  on  the  older  formations  of 
the  New  Red  Sandstone,  the  "  Rothe-todte-liegende  "  of  the  Germans. 
Vfe  may  therefore  conclude,  that  during  the  Cretaceous  and  earlier 
tertiary  periods  this  portion  of  the  country  was  dry  land,  sloping  gra- 
dually to  the  southward  from  the  mountain-districts  of  the  Hunds- 
ruck  and  the  Taunus,  until  it  met  the  southern  ocean  in  which  the 
**  Flysch  "  was  being  deposited,  off  and  around  the  group  of  islands 
which  formed  the  nucleus  of  the  Alpine  chain,  now  such  an  impass- 
able barrier  between  the  Mediterranean  and  the  North  Sea.  This 
depression  or  gradual  sinking  continued,  affecting  in  all  probability, 
to  a  certain  extent,  the  neighbouring  continent,  until  it  reached  such 
a  point,  aided  to  all  appearance  by  other  local  depressions,  as  to 
occasion  the  formation  of  that  remarkable  valley  of  the  Upper  Rhine 
from  Basle  to  Mayence  and  Bingen,  and  opening  to  the  eastward 
round  the  Taunus  into  the  German  or  Northern  Ocean. 

There,  in  a  bay  of  this  newly  opened  sea,  were  d^sited  those  beds 
now  under  consideration,  which,  while  partaking  of  the  quasi-tropical 
character  of  the  Mediterranean,  idso  combined  iqany  forms  peculiar 
to  that  ocean  which  had  long  existed  to  the  north  of  the  Hundsriick  and 
the  Eifel,  occupying  the  site  of  Belgium  and  the  north  of  France, 
and  depositing  uie  various  forms  of  the  Eocene  period.  With  such  a 
change  as  this,  however,  new  conditions  of  life  must  have  been  intro- 
duced. The  volcanic  agency  exerted  in  many  places  rendered  these 
waters  for  a  time  unfit  for  animal  life.  The  deposits  on  the  various 
coasts  were  modified  and  changed,  new  river-channels  were  formed, 
while  old  ones  were  blocked  up,  and  species  which  could  only  exist 
under  the  former  circumstances  necessarily  disappeared,  while  others 
adapted  to  the  new  conditions  were  introduced. 

As  far  as  has  been  hitherto  observed,  the  animal  whose  remains 
have  been  found  in  the  lowest  portion  of  the  Marine  Sands  of  the 
Mayence  beds  is  the  Halianassa  Collinii,  associated  with  the  nume- 
rous teeth  of  one  or  more  species  of  Lamna.  Now,  we  do  not  find 
Halianassa  Collinii  anywhere  amongst  the  Belgian  fossils ;  but  it 
has  been  found  in  a  portion  of  the  Vienna  basin,  in  Switzerland,  and, 
if  I  am  not  misinformed,  at  Malta ;  thus  showing  a  connection  at 
this  period  between  these  beds  and  the  southern  or  Mediterranean 
ocean.  But  this  remarkable  animal,  of  which  the  perfect  skeleton 
was  lately  found  in  the  sands  of  Uffhofen  (page  264),  does  not  occur 
in  the  upper  beds ;  it  may  thence  be  inferred  that  soon  after  the 
opening  of  this  channel,  and  before  the  more  torpid  and  slowly 
moving  Molluscs  had  reached  a  distance  which  the  Sharks,  &c.  had 
n4>idly  traversed,  the  subsidence  of  the  Alpine  region,  indicated  by 
the  vast  thickness  of  the  ''  Flysch  "  beds,  had  ceased,  and,  in  com- 
pliance with  that  law  of  oscillatory  movement,  which  appears  in  former 
periods  to  have  b^n  so  universally  prevalent  on  the  surface  of  our  earth, 
bad  been  succeeded  by  an  upward  movement,  which  extended  so  far 
as  to  cut  off  the  connection  with  the  Mediterranean,  leavine  open  only 
that  with  the  northern  and  Belgic  ocean.    This  continued  for  a  long 
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lapse  of  time,  dnring  which  the  Marine  Sands  of  Weinheim 
h^ng  deposited.  But  other  changes  accompanied  this  gradual  elec- 
tion; as  we  i4iproach  the  upper  portion  of  these  sands,  we  find 
Cerithia  more  abundant,  indicating,  if  not  already  a  brackish  ixiiidi- 
tion  of  the  water,  at  least  a  diminution  of  depth  and  the  presence  of 
freshwater  streams  flowing  into  the  sea  at  no  great  distance.  And 
this  is  precisely  what  h  priori  we  should  expect.  The  closing  of  the 
communication  by  the  Alpine  range  oonyerted  what  had  prerkMisly 
been  an  open  passage,  like  the  straits  of  Gibraltar,  connectiiig  one 
ocean  with  another,  into  a  deep  land-locked  bay  or  eestuary,  whete 
the  depth  of  water  would  neoessarily  diminish  indepoidently  of  any 
eleyation,  and  the  influence  of  the  neighbouring  streams  would  be 
constantly  greater  in  diminishing  the  safine  properties  of  the  water. 

But  after  a  time,  another  cha^  took  place.  The  deposits  changed 
from  an  arenaceous  to  an  argillaceous  character.  The  blue  day  for- 
mation (Cyrenen-Mergel  of  Sandberger,  and  lower  Brown-coal  forma- 
tion of  former  German  writers)  bears  indications  of  important  chances 
in  the  neighbourhood.  Volcanic  eruptions  may  have  caused  uie 
rivers  to  brmg  down  a  thick  and  muddy  sediment,  which  was  carried 
to  the  northern  point  of  this  long  narrow  sestuary ;  or,  more  pro- 
bably still,  the  partial  and  ever-increasing  closing  up  of  the  diannd 
leadmg  to  the  North  Sea  may  have  caused  those  particles  of  day 
and  mud,  previously  carried  out  through  the  northern  straits,  to 
have  been  here  deposited,  containing  in  some  places  those  accumula- 
tions of  drifted  vegetable  matter  which  have  contributed  to  the  forma- 
tion of  the  Brown-coal  beds.  How  the  closing  up  of  the  northern 
channel  was  brought  about,  we  are  not  yet  in  a  condition  to  explain ; 
but  it  may  have  been  occasioned  by  the  elevation  of  the  Fichtdgebirgc^ 
or  by  some  of  the  neighbouring  basaltic  outbursts  which  I  have  not 
yet  been  able  to  examine. 

At  the  same  time  a  gradual,  but  general,  elevation  of  the  land 
appears  to  have  been ,  goin^  on  elsewhere ;  inasmuch  as  the  pre- 
sumed parallel  beds  of  the  Upper  Limburg  series  were  also  becoming 
brackisn,  resting  on  the  purely  marine  beds  of  the  Middle  limbuig 
formation.  The  analogy,  however,  is  not  complete.  In  Belgium 
the  succeeding  deposits  maintain  their  marine  character,  whereas  in 
the  Mayence  basm  the  blue  clays  are  immediately  succeeded  by  a 
thick  deposit  of  calcareous  matter,  the  fossil  contents  of  whidi  not 
only  indicate  the  continued  brackish  nature  of  the  water,  but  show 
that  it  was  gradually  losing  its  saline  qualities,  and  becoming  more 
and  more  fitted  for  the  existence  of  freshwater  molluscs.  During 
this  period,  when  all  communication  with  the  Northern  Ocean 
appears  to  have  been  cut  off,  the  calcareous  beds  of  the  Cerithium 
and  LittorineUa  limestones  were  deposited  in  a  great  inland  lake 
having  no  apparent  outlet.  Large  streams  of  fr^h  water,  flomig 
from  the  S.,  the  W.,  and  the  S.W.,  the  parents  of  the  present  Rhine, 
the  Neckar,  the  Maine,  and  the  Kinzig,  brought  down  large  acces- 
sions of  material,  to  fill  up  the  bottom  of  the  basin,  and  to  raise  the 
surface  of  the  water,  imbeddine  in  it  at  the  same  time,  in  par- 
ticular localities,  the  dSbris  of  the  terrestrial  molluscs  which  had 
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liTed  upon  their  banks.  These  Temains,  in  certain  fayourable  spots, 
hare  been  heaped  together  in  snch  abundance  as  to  hare  obtained  for 
those  formations  in  which  thej  are  found  the  name  of  "  freshwater 
limestone."  At  the  same  time,  on  the  western  shores  of  the  lake, 
between  Kreuznach  and  Durckheim,  it  is  probable  that  the  saline  cha- 
racter of  the  water  was  maintained  bj  those  abundant  salt-springs, 
which,  even,  in  the  present  day,  issue  from  the  neighbouring  rocks, 
bringing  health  and  wealth  to  the  surrounding  population,  and 
ffiving  evidence  of  that  secret  and  subterranean  activity  which  in  one 
form  or  another  has  at  all  periods  and  in  all  places  modified  the 
crust  of  our  globe. 

We  have  seen  that  durmg  this  period  calcareous  rocks  were  de- 
posited to  a  great  extent  in  this  northern  portion  of  the  upper 
teenish  lake.  From  whence  was  this  calcareous  matter  derived  f — 
and  why  should  it  have  been  mainly  deposited  in  this  portion  of  the 
basin  T  It  appears  to  have  been  owing  to  one,  if  not  to  both,  of  the 
foUowina;  causes.  It  may  have  been  deposited  from  local  springs 
highly  <marged  with  calcareous  matter,  or  it  may  have  been  derived 
from  the  material  brought  down  by  the  many  rivers  which  flowed  into 
the  lake ;  and  its  deposition  in  this  particular  spot  may  have  been 
partly  brought  about  by  the  greater  amount  of  animal  ufe  living  in 
this  still  brackish  water,  to  whose  existence  and  growth  this  ciuca- 
reous  matter  was  subservient ;  or  partly,  perhaps,  by  some  chemical 
influence,  the  result  of  the  action  of  the  salt-springs  upon  the 
water  thus  charged  with  calcareous  matter.  Bu^  that  it  has  in 
some  places  at  least  owed  its  origin  to  calcareous  springs  of  a 
local  oiaracter,  is  I  think  suffidently  proved  by  the  structure  of 
die  rock  itself.  I  need  only  refer  to  fig.  10.  p.  269,  where  the 
hard  portion  of  the  limestone  rock,  evidently  formed  contempora- 
neousfy  with  the  softer  and  more  sandy  beds  to  the  S.E.,  containing 
the  intercalated  beds  with  Fenus  incraaaata,  is  altogether  made  up 
a(  a  congeries  of  hoUow  pipes  and  stems,  as  if  it  were  the  remains  of 
a  mass  of  incrustations  around  the  delicate  fibres  of  mosses  or  con- 
fervfle.  A  similar  structure  may  also  be  seen  in  many  other  localities, 
particularly  along  the  line  of  limestone  diffs  to  the  S.W.,  in  the 
neighbourhood  of  Durckheim  and  Kahlstadt ;  and,  wherever  this 
occurs,  the  limestone  itself  is  spongy  and  cavernous,  full  of  small 
iiT^;ular  cavities,  and  frequently  containing  nuclei  of  a  harder  and 
more  solid  texture. 

Other  changes  subsequently  took  place,  which  we  can  now  hardly 
stop  to  consider.  In  some  parts  of  this  lacustrine  basin  the  calca- 
reous beds  were  covered  up  by  morasses  and  forests,  as  in  the 
Wetterau  and  the  Westerwald.  A  description  of  the  fossil  flora  of  this 
district  would  be  a  subject  of  great  interest,  for  amongst  the  curious 
relics  of  the  period  which  have  been  rescued  from  the  Brown-coal 
of  the  Wetterau  are  perfect  specimens  of  more  than  one  species  of 
Vine,  the  fruit  itself  being  preserved  in  the  form  of  petrified  raisins'*'. 
These   forests   and  morasses    were   subsequently    converted    into 

*  See  Official  Report  of  the  29th  Meeting  of  the  Society  of  Germtn  Naturalists 
at  Wiesbaden,  1853,  p.  155. 
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Brown-coal,  and  have  been  oonvulBed,  contorted,  and  broken  up  bj 
penetrating  dykes  and  outbursts  of  basaltic  and  other  igneous  rocks. 
Again  the  alternate  action  of  subsidence  was  introduced,  and  the 
northern  portion  of  this  Brown-coal  became  submei^^  under  the 
waters  of  the  northern  sea,  inasmuch  as  we  find  the  Brown-coal 
again  overlaid  by  the  marine  deposits  of  Westeregeln  and  Magdeburg. 
But  it  is  almost  premature  to  enter  on  this  question ;  I  have  not 
myself  yet  visited  the  locality. 

We  have  thus  faintly  attempted  to  trace  the  possible  histoiy  of  the 
origin  of  the  Mayence  basin  formations,  and  of  their  gradual  rise  until 
the  waters  in  which  they  were  deposited  had  reached  their  hi^est 
level.  It  only  remains,  in  conclusion,  to  say  a  few  words  respecting 
their  probable  drainage  and  the  desiccation  of  the  Rhine  Valley. 
Assuming  that  no  outlet  existed  for  its  vraters,  the  surface-level  of  the 
lake  must  at  last  have  reached  a  heieht  at  which  they  would  over- 
flow the  mountain-barrier  by  which  uiey  were  enclosed.  This  spot 
appears  to  have  been  at  the  commencement  of  the  narrow  gorge  near 
Bingen,  by  which  the  Bhine  now  escapes  from  the  Rheingau,  and 
flows  through  the  most  picturesque  and  striking  scenery  of  Northern 
Europe,  between  Bingen  and  Coblentz.  The  formation  of  this  gorge 
was  in  the  first  instance  probably  ovring  to  volcanic  agency.  The 
mountain-chains  of  the  Hundsruck  and  the  Taunus  were  already 
partially  riven  asunder,  and  the  long  pent-up  waters,  finding  at 
length  an  outlet,  rushed  with  overwhelming  force  through  the 
chasm,  removing  all  opposing  obstacles,  and  can^ring  vrith  them  a 
large  portion  of  those  deposits  which  had  previously  formed  the 
bottom  of  the  lake.  The  imagination  is  bewilaered  in  contemplating 
the  details  of  this  stupendous  operation ;  but  it  is  not  unreasonable  to 
suppose  that  something  similar,  if  not  indeed  of  a  grander  character, 
took  place  during  the  process  of  cutting  back  this  mighty  channel, 
to  what  we  now  see  m  the  St.  Lawrence,  while  cutting  back  its 
channel  from  Lake  Ontario  to  Lake  Erie.  It  is  vain  to  attempt  to 
calculate  the  time  which  must  have  elapsed  during  this  operation, 
when  we  consider  the  hard  nature  of  the  Devonian  schists  through 
which  the  waters  had  to  cut  their  way ;  but  when  we  add  to  this, 
that  a  similar  lacustrine  basin  exists  between  Ck>blentE  and  Neuwied, 
below  which  again  the  river  has  cut  its  vray  through  another  mighty 
gorge,  from  Andemach  to  the  Siebengebirge,  we  can  only  wonder  at 
tlie  countless  aees  which  must  haye  ffone  by  during  this  compara- 
tively small  period  of  the  tertiary  epoch,  itself  one  of  the  shortest  of 
the  many  successive  ages  which  the  study  of  the  crust  of  our  globe 
has  brought  to  our  knowledge. 
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March  8,  1854. 

Neville  Story  Maskelyne,  M.A.,  Dep.  Professor  of  Mineralogy, 
University  of  Oxford ;  B.  Waterhouse  Hawkins,  Esq.,  S.  P.  Wood- 
ward, Esq.,  and  Charles  Wentworth  Dilke,  Esq.,  were  elected 
Fellows. 

The  following  communications  were  read : — 

I,  On  the  Geology  and  Mineralogy  of  Mount  Alexander, 
and  the  adjacent  Country,  lying  between  the  Rivers  Loddon 
and  Campaspb.  By  Alfred  Richard  C^cil  Selvtyn,  Esq., 
Director  of  the  Greological  Survey  of  Victoria. 

[Commonicated  by  Prof.  A.  C.  Ramsay,  F.O.S.] 

The  whole  of  the  ahove  district  b  occupied  hy  four  different 
geol(^cal  formations — 

1.  Granite. 

2.  Metamorphosed  pakeozoic  strata. 

3.  Basalt. 

4.  Auriferous  drift. 

The  extent  of  country  occupied  hy  the  first  three  of  the  ahove  for- 
mations may  he  seen  on  referring  to  the  accompanying  map* ;  [hy 
which  it  is  shown  that  Mount  Alexander  forms  part  of  a  granitic 
range,  extending  from  the  River  Colihan,  on  the  east,  to  the  Loddon 
on  the  west,  wim  a  hreadth  varving  from  four  to  twelve  miles,  and 
descrihing  an  irregular  semicircle,  with  its  convexity  to  the  north. 
The  granite  is  hounded  on  all  sides  hy  metamorphic  rocks ;  and  at 
its  eastern  extremity  it  is  overlaid  hy  patches  of  hasaltic  lava,  amongst 
which  the  CoHhan  runs.  The  hasait  occurs  also  to  the  east  of  the 
Colihan  in  still  ereater  extent,  overlying  the  metamorphic  rocks  along 
the  course  of  the  Campaspe  River.  At  the  western  limit  of  the 
granite  also,  similar  hasait  forms  the  lava-plains  on  the  Ixxldon,] 
The  fourth  is  more  or  less  universally  distributed  over  the  area  occu- 
pied hy  the  second. 

Granite, — ^The  granite  everywhere  forms  an  open  forest  country, 
consisting  of  high  rocky  ranges  and  undulating  grassy  hills ;  enormous 
blocks,  standing  out  in  hold  relief.  He  scattered  on  the  summits  and 
flanks  of  the  hills,  oflen  affording  the  most  picturesque  scenery. 
These  hlocks  are  always  tit  eitu,  and  are  the  result  of  the  decomposi- 
tion of  the  softer  portions  of  the  rock.  The  rock  itself  is,  for  the 
most  part,  a  coarse-grained  ternary  granite  (quartz,  felspar,  and 
black  and  sometimes  yellow  mica),  ofteu  very  son,  friable,  and  easily 
decomposed.  In  some  few  places  the  granite  appears  to  pass  into 
Pegmatite,  a  compound  of  quartz  and  felspar.  It  generally  possesses 
a  large  spheroidal  or  concretionary  structure,  composed  of  concentric 

*  [This  map  has  been  published  in  the  First  Report  of  the  Geological  Surveyor 
of  Victoria.] 
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coats.  The  whole  heing  traTcned  by 
a  system  of  north  and  south  and  east 
and  west  joints,  causes  it  to  break  up 
into  large,  rectangular,  slighUy-cnryed 
slabs  and  blocks,  afibrding  a  good  and 
easily  quarried  building  material. 

Numerous  "elyans"  or  dykes  occur, 
cutting  through  the  granite  in  yarious 
directions,  in  long  narrow  bands ;  they 
are  genendly  composed  of  a  hard,  com- 
pact, and  yery  fine-grained  granitic 
rock,  of  a  reddish  colour,  and  are 
eyidently  of  a  posterior  formation  to 
the  mass  of  the  granite. 

I  haye  been  unable  to  discover  any 
metalliferous  yeins  in  the  granite,  and^ 
from  the  general  homogeneous  cha- 
racter of  the  rock,  and  Uie  entire  ab- 
sence of  quartz-yeins,  I  should  not 
anticipate  the  discovery  of  gold  or 
other  metals  in  this  district. 

MetamorphoBed  PaUeazoie  Strata. 
— Surrounding  the  above  district  on 
all  sides,  except  to  the  south-east, 
where  the  granite  is  overlaid  by  the 
lava  plains  of  the  Loddon,  we  have  a 
mass  of  metamorphosed  palaeozoic 
strata,  striking  everywhere  true  north 
and  south,  and  dipping  east  and  west 
at  angles  varying  from  45®  to  90°. 

These  strata  consist  of — 1st.  Ferru- 
ginous, micaceous,  and  felspathic  sand- 
stones and  grits,  of  various  shades  of 
red,  grey,  and  brown ;  2nd.  Hard  and 
soil  arenaceous  and  felspathic  day- 
slates,  and  fine  arenaceous-banded 
fiag-stones ;  3rd.  Quartz-sock  and 
fine-grained  quartz-conglomerate. 

The  country  occupied  by  these 
rocks  consists  chiefly  of  bold,  rocky, 
scrubby  ranges  and  guUies,  and  more 
openly  timbered  flats;  the  highest 
points  of  the  ranges  being  immedi- 
ately adjoining  the  granite  boundaiy. 
This  is  a  very  marked  feature;  the 
junction  of  the  granite  and  roetamor- 
phic  rocks  being  almost  invariably  at 
the  base  or  on  the  flanks  of  a  steep 
rocky  range.     The  palaeozoic  strata 
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everywhere  for  a  short  distance  from  the  granite  exhibit  traces  of 
alteration,  being  generally  more  crystalline,  harder,  an<l  more  mica- 
ceous, but  very  rarely  pass  into  true  mica-schist. 

The  whole  mass  of  these  sandstones,  clay-slates,  &c.,  is  traversed 
by  an  intense  north  and  south  cleavage,  as  well  as  by  a  system  of 
large  joints,  both  north  and  south  and  east  and  west ;  the  former 
generaby  dipping  at  right  angles,  or  in  an  opposite  direction  to  the 
cleavaee-planes.  This  system  of  joints  and  cleavage  renders  the  true 
line  of  stratification  very  obscure ;  they  [the  strata]  appear,  however, 
generally  to  coincide  in  strike  with  the  cleavage,  but  are  dipping  at  a 
somewhat  lower  angle ;  this  can  only  be  detected  on  a  close  and  very 
careful  examination. 

Coincident  with  the  cleavage,  both  in  strike  and  dip,  and  more  or 
less  numerous  throughout  the  whole  of  the  palaeozoic  strata  I  have 
examined,  are  veins  of  white  and  reddish  ouartz,  from  a  few  inches  to 
6  or  7  feet  in  thickness ;  associated  with  these  veins,  coating  the 
joints  and  fissures,  we  often  find  much  red  hsematitic  iron.  In  the 
quartz,  occurring  in  nests  and  cavities,  I  have  seen — 

1.  Gold. 

2.  Galena  (sulphuret  of  lead). 

3.  Blende  (sulphuret  of  zinc). 

4.  Arsenical  iron. 

5.  White  iron-pyrites. 

I  have  heard  of  platina  having  been  discovered,  but  have  never  seen 
any. 

I  have  been  unable,  as  yet,  to  detect  any  organic  remains  in  these 
rocks,  and  have,  therefore,  at  present  no  good  evidence  as  to  their 
actual  geological  age ;  judging  merely  from  lithological  character,  I 
should,  however,  consider  mem  equivalents  of  the  Cambrian  or 
Lower  Silurian  strata  of  Great  Britiun,  many  portions  of  which,  as 
seen  in  North  Wales,  thev  precisely  resemble. 

The  total  thickness  of  tnese  rocks  in  this  district  is  somewhere 
about  35,000  feet. 

Basalt. — Resting  horizontally  on  Nos.  1  and  2,  in  isolated  patches 
and  large  tracts,  forming  table-lands,  flat-topped  rocky  hills,  with 
steep  escarpments,  or  extensive  undulating  plains  destitute  of  timber, 
are  large  masses  of  basalt,  composed  of  augite,  magnetic  iron,  and 
felspar,  sometimes  hard,  heavy,  and  compact,  and  often  cellular  and 
scoriaceous,  specially  on  the  surface,  having  the  appearance  of  sub- 
aerial  lava.  The  vesicles  are  filled  or  coated  with  carbonate  of  lime 
and  oxide  of  iron,  in  mammillated  crystals.  On  the  weathered 
surfaces  these  vesicles  are  generally  empty,  the  carbonate  of  lime  and 
the  iron  being  decomposed,  and  the  rock  having  externally  a  very  red 
and  rustv  appearance. 

This  basalt  is  evidently  the  remnant  of  vast  lava-streams,  which 
appear  to  have  flowed  down  and  filled  up  the  then  existing  vallevs  of 
the  country,  bringing  them  nearly  to  a  level  with  the  tops  of  the 
lower  ranges.  Throueh  these  lava-streams  the  present  river-courses 
have  been  subsequenuy  excavated,  always  exposing,  when  cutting 
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sufficiently  deep,  the  subjacent  granite,  or  the  stratified  rocks  on 
which  it  rests.  On  the  surface,  this  lava  has  generally  a  spherical 
concretionary  structure,  breaking  up  into  rounded  or  suban^;ular 
blocks ;  this  structure  becomes  columnar  whenerer  the  lava  attams  a 
considerable  thickness,  say  100  to  200  feet ;  this  being  probably  due 
to  the  slower  cooling  and  more  perfect  crystallization  of  the  lower 
portions  of  the  mass.  A  good  example  of  this  may  be  seen  at  the 
junction  of  the  Campaspe  and  Piper  s  Creek,  where  the  lava  and 
subjacent  stratified  rocks  are  expoised  in  almost  vertical  diffis  from 
200  to  300  feet  in  height. 

Auriferous  Drift. — This  formation,  of  very  late  tertiary  date, 
varies  in  thickness  from  a  few  inches  to  100  feet  and  upwards,  and 
consists  of  stratified  and  unstratified  masses  of  femigmous  days, 
sands,  and  gravel,  interspersed  with  angular  and  partudly  rounded 
fragments  of  clay-slate,  sandstone,  quartz,  &c.  It  occurs  almost 
universally  distributed  in  the  gullies,  on  the  flats,  and  over  the  hills 
occupied  by  the  palaeozoic  strata,  and  is  in  fact  formed  firom  the  de- 
composition^ breaking  up,  and  ^reading  out  of  the  immediately  sub- 
jacent rocks;  the  fragments  found  in  it  being,  with  a  few  local 
exceptions,  seldom  much  water-worn,  and  bearing  no  evidence  of 
having  been  transported  from  a  distance.  The  lowest  stratum  or 
bottom  almost  always  varies  in  colour  and  character  with  the  nature 
of  the  subjacent  rock,  whether  a  ferruginous  clayey  sandstone,  forming 
a  red  or  mottled  ferruginous  sandy  day,  or  a  soft  felspathic  slate, 
produdng  a  white  pipe-clay,  &c. 

With  respect  to  the  origin  and  present  position  of  the  gold,  there 
can,  I  think,  be  little  doubt  that  the  whole  of  it  has  been  formed 
in  the  quartz-veins  which  are  now  seen  traversing  the  palaeozoic 
strata ;  and  that  its  present  position  in  the  drift  is  entirely  due  to  the 
decomposition,  breaking  up,  and  spreading  abroad  of  the  (juartz-veins, 
along  with  the  ordinary  sandstones,  slates,  &c.  of  the  district.  Its 
general  position  in  the  lowest  portion  of  the  drift,  resting  immediately 
on  the  soHd  rock,  is  due,  1st,  to  its  great  specific  gravity,  as  compared 
with  the  rest  of  the  materials  forming  the  associated  drifts.  2nd.  It 
has  always  been  supposed  that  gold- veins  are  richest  near  the  surface, 
and,  unlike  other  mineral  veins,  gradually  become  poorer  the  deeper 
they  are  followed.  Such  being  the  case,  it  follows  that  the  deposits 
now  occupying  the  lowest  portions  of  the  Drift,  formed  from  those 
portions  of  the  auriferous  quartz-veins  which  were  first  broken  up  and 
distributed  during  the  period  of  the  Drift,  would  be  much  richer 
than  any  deposits  formed  by  subsequent  denudation  from  less  super- 
ficial portions  of  the  auriferous  vems,  and  all  experience  tends  to 
prove  that  such  is  actually  the  case. 

With  respect  to  the  range  and  extent  of  this  Driit-formation,  I  can 
only  state,  that  every  part  of  the  country  I  have  seen  which  is  occu- 
pied by  palaeozoic  strata  (coloured  lilac  on  the  Map)  is  more  or  less 
covered  with  drift  of  the  same  character,  derived  from  rocks  abun- 
dantly intersected  by  quartz-veins.  The  real  value  of  it  can,  however, 
only  be  ascertained  by  actual  working. 

Between   the  western  boundary  of  the   granite   and   the   River 
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Loddon,  this  drift  appears  to  attain  a  great  thickiiesSy  forming  an 
almost  level  forest-comitry,  extending  for  many  miles,  and  quite  con- 
cealing the  underlying  rocks. 


2.  On  the  Gems  and  Gold-crystals  of  the  Australian  Colo- 
nies. By  G.  MiLNER  Stephen,  Esq.,  Barrister,  F.G.S.,  V.Pres. 
Geol.  Soc.  of  Victoria. 

Until  the  discovery  of  the  great  gold  deposits  in  Australia*,  the 
colonists  considered  no  other  mineral  productions  than  copper  and 
lead  deserving  their  research ;  although  specimens  of  native  gold 
were  publicly  exhibited  (and  seen  by  myself)  in  a  jeweller's  shop 
in  Sydnev  so  far  back  as  1836,  brought  bv  a  Bathurst  shepherd 
periodicaUy  from  that  localitv ;  and  alUiougn  in  the  sister  colony  of 
South  Australia  a  vein  of  rea  ferruginous  earth,  richly  charged  with 
gold  (specimen  G.),  had  been  found  in  a  copper-mine  near  Adelaide 
in  the  year  1845,  six  years  before  Mr.  Hargreaves  made  hb  first 
communication  to  the  Sydney  government. 

And  yet  the  colonists  (those  of  South  Australia  especially,  who 
were  the  earliest  pioneers  in  the  mining-field)  could  not  be  justly 
taxed  with  apathy  on  the  subject  of  their  hidden  treasures,  iuasmucn 
as  there  was  httle  inducement  for  them  to  make  discoveries,  whilst 
they  found  ample  employment  for  their  limited  capital  and  scanty 
supply  of  labourers  in  their  hiahly  profitable  agricultural  and  pas- 
toral occupations.  Indeed,  in  tne  colony  of  New  South  Wales,  and 
in  Van  Diemen's  Land,  its  offspring,  there  was  a  motive  directly 
operating  upon  the  mind  of  the  land^  proprietor  (whose  flocks  and 
herds  roamed  unmolested  over  tens  of  thousands  of  acres)  to  conceal^ 
if  possible,  the  teeming  wealth  of  the  soil,  as  his  title-deeds  or  land 
grants  expressly  reserved  to  the  Crown  all  gold  and  silver,  &c.  The 
working  of  coal  in  New  South  Wales,  moreover,  was  secured  by  the 
Government  as  a  monopoly  for  years  to  the  Australian  Agricultural 
Company ! 

This  obstacle  to  the  advance  of  mineralogical  science  appears  to 
have  escaped  the  attention  of  some  of  the  numerous  writers  upon 
Australia;  but  for  the  honour  of  the  Australian  colonists,  whose 
spirit  of  enterprise  is  only  second  to  that  of  the  Americans,  it  should 
not  be  lost  sight  of  by  any  writer  who  enters  upon  the  topic. 

As  our  countrymen  at  home,  as  well  as  the  Australian  colonists 
themselves,  are  not  very  well  informed  as  to  the  extent  and  variety  of 
the  mineral  productions  of  those  interesting  colonies,  having  to  trust 
much  to  rumour  for  their  information,  and  to  the*  doubtful  authenti- 
city of  such  specimens  as  may  come  under  their  notice  in  this  country, 
I  have  prepared  a  brief  catalo^e,  showing  the  localities  of  such  pre- 
cious stones  and  chief  metalliferous  minerals  as  I  have  detected  in 
the  course  of  several  years'  residence  in  four  of  those  colonies.     And 

*  For  notices  of  the  Gold-fields  of  Australia,  see  Quart.  Journ.  Geol.  Soc.  vol.  iz. 
p.  74  ;  and  tupra^  p.  302. 
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I  wUl  add,  for  the  satisfaction  of  geologists,  that  on  all  occasions  I 
bvestigated  most  rigorously,  and  with  a  suspicion  worthy  of  the 
sceptic,  the  history  of  each  specunen  ;  most  of  them  heine  sent  to 
me  for  examination,  or  brought  direct  from  the  various  "  diggings," 
amidst  a  parcel  of  quartz  cirstals  (often  mistaken  for  diam^ds)  and 
other  shining  and  coloured  mineral  substances.  And  I  invariably 
satisfied  my  mind  upon  the  authenticity  of  the  specimen,  or  at  once 
rejected  it  as  fictitious.  In  making  tins  collection,  I  can  claim  no 
merit,  for  I  was  mainly  indebted  to  an  extensiye  acquaintance  with  all 
classes,  and  latterly  to  my  position  as  the  Vice-President  of  the  only 
Geological  Society  established  in  Australia,  at  a  time  when  thousandls 
were  anxious  to  be  informed  as  to  what  they  were  daily  finding  in 
the  soil  of  that  terra  incognita. 

It  was  thus  that  I  was  enabled  to  announce  to  the  colonists  the 
existence  of  tin  (the  oxide),  in  the  form  of  ''  stream  "  tin  and  sand, 
at  the  Biver  Orens,  which  the  energy  and  enterprise  of  Mr.  Charles 
Terry,  of  Melbourne,  by  the  formation  of  a  company,  has  made  so 
richly  available  to  his  fellow-colonists ;  as  the  ingot  of  tin,  presented 
by  that  gentleman  to  me,  and  now  in  the  museum  of  this  Society, 
satisfactorily  demonstrates.  (See  my  letter  published  in  the  Mel- 
bourne *  Argus '  of  31st  March,  1853.) 

It  is  well  to  remark,  that  up  to  the  present  time  no  systematic  or 
scientific  search  for  the  precious  stones  has  been  instituted  in  the 
Australian  colonies;  such  as  have  been  discovered  having  been 
found  in  the  tin  dishes  of  the  gold-diggers,  whilst  washing  me  soil 
(sands,  gravels,  &c.)  in  quest  of  gold.  Tet,  judging  from  analogy, 
and  observing  that  the  conditions  under  which  the  gems  to  which  I 
shall  presently  refer  are  found  are  similar  in  Australia  and  the  several 
countries  now  supplying  them,  I  feel  persuaded  that  the  day  is  not  far 
distant  when  the  gems  of  Australia  will  be  sought  for  as  an  article  of 
commerce  I  As  the  observation  applies  to  the  condition  under  which 
nearly  all  the  Australian  eems  have  as  vet  been  found,  it  will  simplify 
this  catalogue  by  stating  that  I  detected  the  several  ^edmens  therein 
referred  to  generally  in  association  with  all  the  following  minerals,  viz. 
opake  and  transparent  quartz,  febpar,  garnets,  tourmaline,  augite, 
olivine,  titaniferous  iron,  oxide  of  iron,  iron  ppites,  and  (in  the  case 
of  the  specimens  from  the  River  Ovens)  associated  with  oxide  of  tin, 
in  crystals,  small  lumps  (pepitas),  and  sand. 

None  of  them  were  found  in  existing  river-courses,  and  rarely  on 
the  banks  of  streams;  but,  being  found  in  a  water-worn  state, 
tc^ther  with  native  gold,  both  amorphous  and  crystallized,  equally 
water-worn,  generally  in  ravines  or  gullies,  there  is  little  doubt  thi^ 
their  present  localities  are  the  sites  of  ancient  river-courses  and  their 
tributaries,  whither  they  were  borne,  and  rubbed  by  the  action  of 
running  water*. 

*  Whilst  this  paper  was  going  through  the  press,  Mr.  R.  Jones  has  Idodly 
drawn  my  attention  to  an  interesting  account  in  the  Proc.  Amer.  Acad.  1850, 
p.  246,  by  Mr.  Alger,  of  several  large  and  canons  gold-crystals  obtained  in  Cali- 
fornia by  Mr.  Piatt  nnder  circumstances  very  similar  to  ^oae  accompanying  my 
Recovery  of  the  Australian  specimens. — July  1854,  G.  M.  S. 
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Catalogue  ofPreetana  Stones  and  MineraUfrom  Australia  *. 

A.  A  blue  and  white  Sapphire,  so  much  water-worn  as  to  have 
lost  all  its  crystalline  faces  but  one.  This,  with  some  others  in  mj 
possession,  came  from  Ballarat,  in  Victoria. 

B.  A  beautiful  Sapphire :  hexagonal  crystal ;  in  blue  and  white 
bands  (as  described  by  Dufresnoy) :  from  the  Hanging  Rock  Diggings, 
on  the  Biyer  Peel,  in  New  South  Wales. 

C.  A  highly  perfect  crystal  of  Spinel  Ruby  (of  fine  colour),  in  one 
of  its  ordinary  forms ;  a  fiat  triangular  crystal,  with  the  edges  re- 
placed, and  the  angles  depressed :  nrom  the  Peel  Biyer  Digginss. 

D.  A  water-worn  octahedral  crystal  of  Spinel  Ruby ;  found  m  the 
same  locality. 

£.  A  Ruby  of  good  colour ;  from  the  same  locality. 

F.  Are  small  Chryeolitee ;  from  the  same  locality. 

6.  Are  Zircons,  obligingly  selected  by  Professor  Tennant  out  of  a 
parcel  of  yarious  stones  brought  to  me  from  the  Riyer  Oyens,  in 
Victoria  f. 

H.  A  Spinel  Ruby,  in  a  similar  triangular  crystal  to  C,  though  of 
inferior  transparency  and  colour ;  from  the  Riyer  Oyens. 

I.  Are  **  pepitas     of  Oxide  of  Tin ;  from  the  same  locality. 

J.  A  prism  crystal  of  Tourmaline ;  from  the  same  locality. 

K.  A  striated  fragment  of  a  pale  yellow  Topaz ;  from  the  same 
locality. 

L.  Oxide  of  Tin,  in  the  form  of  sand,  with  gold  dust  and  decom- 
pofled  felspar  (called  "pipe-clay")  &c.,  taken  as  a  sample  from  a 
bag  receiyed  by  me  from  the  Riyer  Oyens. 

M.  A  Crwmet,  in  a  dodecahedral  crystal  (imperfect) ;  from  the 
same  locality. 

At  Peel  Biyer,  also,  they  find  dodecahedral  garnets,  whilst  at 
Mount  Alexander  Pyropes  and  common  Garnets  are  met  with. 

Sir  Thomas  Mitchell  deposited  in  the  Museum  of  Practical  Geo- 
logy a  Diamond,  said  to  naye  been  found  in  New  South  Wales. 
He  also  brought  thence  to  London  some  limpid  White  Topazes  %» 
almost  as  bnfiiant  as  those  found  in  water-worn  pebbles  at  Cape 
Barren  Island  in  Bass'  Straits,  and  which  I  haTc  seen  cut  and 
equalling  in  brilliancy  the  celd>rated  Noya  Mina  Topaz  of  the 
Brazils. 

Very  fine  hexagonal  Beryls,  exceeding  an  inch  and  a  half  in 
diameter,  and  in  parts  highly  transparent,  are  found  in  South 
Avstralia,  at  Mount  Crawford. 

Tourmalines,  also,  of  a  yery  considerable  size,  are  found  at  £n- 
comiter  Bay  in  that  colony,  and  also  in  D*£ntrecasteaux's  Channel 
in  Van  Diemen's  Land. 

An  Emerald  in  a  hexagonal  crystal  is  stated  to  haye  been  found 

*  These  specimens  were  exhibited  at  the  meeting  of  the  Society. 

t  Mr.  Foord,  a  very  scientMc  metaUurgist  and  gold  assayer  in  Melbourne, 
•bowed  me  some  Zircons  £rom  the  same  loci^ity,  in  August  1853. 

t  Sir  T.  Mitchell  has  lately  presented  some  specimens  of  Australian  Topazes  to 
thft  Society. 
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by  the  Gommiflaioner  of  Police  of  South  Australia  at  Mount  Be- 
markable,  and  consumed  under  a  blowpipe  by  a  gentleman  who 
understood  its  power  better  than  its  proper  use.  The  Commissioner 
informed  me  of  it  one  day  too  late ! 

Opals  with  slight  play  of  colours  have  been  shown  to  me  in  South 
Aus^alia ;  but  mey  were  very  remote  in  brilliancy  from  the  Noble 
Opal  of  Hungary  or  South  America. 

Gold  CryataU. 

Grold  is  found  in  the  colony  of  Victoria,  under  the  most  interest^ 
ing  forms  of  crystallization ;  and  it  may  be  inferred  from  the  fact  of 
my  having  collected  so  many  splendid  specimens,  unassisted  by  the 
researches  of  others,  that  still  finer  specimens  will  hereafter  be  ex- 
hibited. There  are  also  perceptible  d^erences  in  the  character, — as 
to  form,  colour,  and  quality, — of  the  gold,  as  found  at  the  yarious 
gold-fields. 

In  purity,  t.e.  in  reference  to  the  standard,  the  gold  of  Ballarat  ^, 
M^Ivor,  and  the  River  Ovens,  all  in  Victoria,  is  at  the  head  of  the 
list ;  whilst  probably  that  of  Louisa  Creek,  and  some  other  localid» 
in  New  South  Wales,  is  the  lowest  in  the  scale. 

The  characteristic  form  of  Ballarat  gold  is  the  ''pepita"  or 
**  nugget,"  often  of  ngautic  size,  one  having  reached  the  enormous 
weight  of  130  lbs.  On  the  other  hand,  the  gold  of  the  River  Ovens 
is  invariably  in  very  fine  scales  and  dust.  At  Mount  Alexander, 
"  black  "  ^Id  is  often  met  with,  beine  gold  coated  with  a  black  sub- 
stance, which  resists  all  the  acids,  and  cannot  be  acted  upon  by  the 
magnet,  or  removed  from  the  gold  with  a  knife. 

M^Ivor  River  has  furnish^  fine  specimens  of  groups  of  gold- 
crystals,  as  also  a  peculiar  kind  of  dendritic  gold,  which,  from  its 
similarity  to  moss-copper,  I  have  termed  ''  moss-gold."  (Specimens 
U.  and  V. ;  the  latter  was  found  at  Mount  Alexander.) 

Gold  is  also  found  in  New  South  Wales  Diggings  (universally,  I 
believe)  and  at  Mount  Alexander,  endosed  in,  and  sometimes 
enclosing,  quartz ;  never  in  granite  that  I  have  heard  of,  but  often 
in  iron-stone.     (See  specimen  No.  1 .) 

N.  A  conglomerate  of  chlorite,  quartz,  iron-stone,  steatite,  &c., 
bound  together  by  oxide  of  iron,  having  gold  distributed  through  the 
mass.  It  was  broken  out  of  a  vein  of  similar  substances,  a]bout  a 
foot  wide,  forming  a  so-called  "  gold-lode,"  between  walls  of  nearly 
perpendicular  quartzose  rock,  at  a  depth  of  90  feet,  in  my  presence, 
at  Specimen  Hill,  Mount  Alexander,  which  was  a  low  hill  not  far 
from  the  summit  of  the  latter.  The  party  digging  there  had  a 
crushing  machine,  and  found  the  yield  of  gold  very  satisfactory. 

O.  Gold  from  the  River  Ovens. 

P.  Gold  in  red  ferruginous  earth,  found  at  the  Montacute  or 
"  Victoria  Gold  Mine,"  in  South  Australia,  about  twelve  miles  from 
Adelaide,  on  a  tributary  of  the  River  Torrens,  in  1845. 

*  For  a  notice  of  the  Ballarat  Gold  Field,  see  Mr.  Wathen's  Paper,  Quart, 
Joum.  Geol.Soc.  toI.  xi.  p.  75. 
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Q.  A  sample  of  gold  from  Bendigo^  Victoria ;  one  of  the  richest 
gold-fields  yet  discovered. 

R.  Three  Octahedral  crystals  of  gold ;  from  Ballarat. 

S.  Three  Dodecahedrons  of  gold ;  from  the  same  locality  *. 

T.  A  Macle-crystal  of  gold, — two  dodecahedrons  united.  The 
faces  are  very  per&ct,  and  one  of  them  is  a  pentagon^  with  a  mamma 
on  it.     It  is  from  Bfdlarat. 

V.  Moss-gold^  coloured  by  oxide  of  iron ;  from  the  M^'Ivor  River 
Dialings,  in  Victoria. 

U.  MoM^oldy  from  Mount  Alexander. 

W.  An  interesting  specimen  of  Ramose  gold ;  from  the  M^^Ivor. 

X.  A  specimen  of  gold«  resting  upon  ^ena  in  quartz.  It  was 
found  near  Mount  Alexander. 

T.  A  Cavernous  Octahedron  of  gold,  of  unusual  size ;  from  Bal- 
larat. 

Z.  A  Cavernous  Dodecahedron  of  gold,  of  large  size ;  from  Bal- 
larat. 

1.  Gold  imbedded  in  iron-stone;  from  Ballarat. 

2.  Grold  imbedded  in  quartz;  from  Louisa  Creek,  New  South 
Wales.     Its  light  colour  shows  it  to  be  alloyed  with  silver. 

3.  A  sample  of  gold,  containing  the  Black  Gold;  from  Forest 
Creek,  Mount  Alexander. 

4.  A  very  large  crystal  of  gold  (f  ths  of  an  inch  in  diameter)  which 
I  selected  from  a  parcel  of  10,000  ounces  of  gold  from  M^Ivor 
Riyer.  Its  form  is  so  peculiar  that  I  found  difficulty  in  classifying 
it,  until  the  eminent  crystallographer,  Mr.  Brooke,  F.U.S.,  expressed 
the  opinion  that  it  is  a  dodecahedron,  extravagantly  distorted. 

5.  A  group  of  gold  crystals,  in  cubes^  elongated  octahedrons,  and 
dodecahedrons,  in  most  interesting  forms,  and  surrounding  a  trans- 
parent hexagonal  crystal  of  quartz,  being  the  only  specimen,  except- 
ing No.  6,  which  I  ever  saw  in  Australia,  showing  crystals  of  gold 
and  crystals  of  quartz  in  connection.  The  cube  or  gold  at  the  base 
has  reached  the  extraordinary  size  of  {ths  of  an  inch  m  diameter,  and 
has  ascending  planes,  as  if  passing  into  the  octahedron. 

It  was  sold  to  me  as  a  "peculiar  nugget,"  from  M'lvor  River, 
Victoria. 

6.  An  equally  interesting  group  of  fine  crystals  of  gold  from  the 
same  locality ;  also  interlacing  an  hexa^nal  quartz-crystal. 

These  two  specimens  are  peculiarly  interesting  to  geologists.  It 
win  be  observed  that  such  of  the  edges  of  the  gold  and  quartz 
crystals  as  have  been  exposed  to  the  contact  of  roush  bodies  are 
nibbed  and  destroyed,  whilst  the  edffes  of  the  crystab  which  have 
been  protected  by  surrounding  crystus  are  as  perfect  and  sharp  as 
when  formed  by  nature ;   thus  proving  that  in  bygone  ages  tney 

*  Whilst  in  the  Australian  colonies,  I  never  saw  nor  heard  of  any  gold  crystals 
being  found  there,  excepting  what  I  procured  myself.  But  as  I  showed  some  to 
Messrs.  Hopkins,  F.G.S.,  Foord,  Hood,  and  others,  many  will  now  be  on  the  iook- 
amt  for  them.  Since  my  arrival  in  England,  however.  Professor  Tennant  has  shown 
BDie  some  dodecahedrons  from  New  South  Wales,  which  he  considered  properly 
aiithenticated. 
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have  been  water-borne  bj  a  stream  of  water,  snfficientlT  powerful  to 
move  such  a  heainr  substance,  in  a  water-course  which  has  long  been 
obHterated  by  a  deposit  of  fh>m  15  to  25  feet  of  superincumbent 
soil  and  detritus,  from  the  bottom  of  which  these  specimens  were  ex- 
tracted by  the  gold-digger,  in  a  situation  coyered  with  large  timber 
and  in  the  midst  of  undulating  hills,  miles  away  from  any  present 
body  of  water. 

7.  A  third  group  of  gold-crystals  from  the  same  locality ;  in 
which  ironstone  and  opake  quartz  are  imbedded. 

8.  A  singular  crystal  of  gold,  presenting  the  appearance  of  an 
elongated  octahedron ;  but  Mr.  Brooke  considers  it  to  be  a  Maele- 
Crystal^  consisting  of  two  oetahedroM,  so  united,  that  two  of  thar 
fiu^es  respectiyely  present  two  elongated  planes  :  fix)m  Ballarat. 

9.  Gold  in  opake  quarts,  from  Ophir,  New  South  Wales.  Its 
light  straw  colour,  like  the  generality,  if  not  all,  of  the  natiye  gold 
of  that  colony,  shows  it  to  be  much  alloyed  with  silver. 

10  to  13.  Are  four  curious  instances  of  ramose,  cnfstallued,  and 
eccentric  forms  of  natiye  gold,  from  M^Iyor  Riyer,  Vietoria. 


3,  On  the  Gold  Regions  of  California. 
By  Mr.  James  S.  Wilson. 

[Communicated  by  Sir  R.  I.  Murcfaison,  F.G.S.] 

Having  explored,  during  a  residence  of  nearly  three  years,  some  of 
the  richest  auriferous  tracts  of  California,  I  haye  been  requested  by 
Sir  R.  I.  Murchison,  to  present  through  him  to  the  Geological 
Society  of  London  an  outline  of  my  iiersonal  obsenrations. 

Sonora  Diggings. — The  neighbourhood  of  Sonora  was  the  place 
selected  for  the  &rst  operations  of  my  associates  and  myself  in  gold- 
digging.  Several  kinds  of  rock  presented  themselyes,  identical  with 
what  I  had  seen  in  the  mineral  districts  of  South  Australia;  the  pre- 
yailinff  rocks,  and  that  on  the  surfieux  of  which  the  gold  was  deposited, 
were  uates  and  gneiss. 

SuUvan'e  Creek  Diggings. — ^We  commenced  working  at  a  place 
called  Sutiyan's  Creek,  about  two  miles  south  from  Sonora.  The 
diggings  at  this  place  were  considered  to  be  amone  the  richest  in  the 
southern  mines ;  but  the  greater  part  of  the  gold  found  there  was 
supposed  (and  with  great  probabihty)  to  have  Deen  swept  down  by 
floods  from  SuHvan's  Gulch,  which  is  a  ravine,  rich  in  gold,  about 
one  mile  in  len^h,  following  the  strike  of  the  rocks,  and  haying  the 
gneiss  on  one  side  and  a  white  crystalline  limestone  on  the  other. 

The  rock,  however,  which  had  originally  contained  and  yielded 
the  gold,  was  the  gneiss,  as  a  yein  of  auriferous  ouartz  is  tracanble  in 
it,  running  along  the  top  of  the  hill  parallel  witn  the  ravine.  Grold 
was  likewise  found  in  the  debris  on  the  gneiss,  as  well  as  in  the  bed 
of  the  rayine;   but  none  on  the  limestone.     These  rocks  are  all 
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Fig.  2.— iSeclMMi  across  upper  Cali/omiajrom  the  Paeifie  to  the 
sierra  Nevad^.     Length  about  70  miles. 

1  ill!  ^  i!  s  I    3. 
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vertical ;  and  their  direction  is  a  few  points  west  of  north  and  east  of 
south.  The  original  ravine  has  been  filled  up,  to  a  considerable 
amount,  by  clay  and  loose  blocks  of  limestone,  &c.  (fig.  3). 


Pig.  3. — Section  of  Auriferous  Detritus  at  SuUvan^s  Gulch. 

Earth  and  stones  with 
W.  gold :  50  feet  thick.  E. 


CTTstalline  limestone. 


Miners  have  sunk  pits  to  the  depth  of  100  feet  without  penetrating 
to  the  bottom  of  the  debris.  It  appears  to  have  been  filled  to  its 
present  level  by  frequent  land-slips,  the  succession  of  which  can 
sometimes  be  traced,  not  only  by  tne  colour  of  the  different  layers, 
but  likewise  by  the  gold  being  found  in  alternating  beds  of  the 
debris. 

lyiggings  on  the  North  Fork  of  the  Stanislaus  River. — In  the 
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antmnn,  which  is  the  hest  season  for  working  in  the  rivers,  the  water 
being  then  low,  one  of  my  associates,  Mr.  Wallace,  and  myself 
join^  a  company  on  the  North  Fork  of  the  Stanislaos,  that  had 
been  formed  for  the  purpose  of  cutting  a  new  course  for  the  river,  in 
order  to  get  the  gold  that  might  be  in  the  river's  bed. 

The  rock-formation  was  the  same  as  that  at  Sulivan's  Creek,  but 
the  hills  are  very  precipitous.  The  boulders  in  the  stream  were  of 
granite,  indicating  that  the  surface-rock  of  the  country  higher  up 
was  of  that  description.  This  was  soon  afterwards  affirmed  by  a 
party  who  had  traced  the  river  to  its  source,  but  without  findmg 
gold. 

Intermittent  Spring. — About  half  a  mile  from  oiur  camp  there 
was  a  small  stream  joining  the  river,  which  evidently  flowed  from 
a  spring  in  the  gulley  above ;  but,  having  occasion  to  cross  it  fre- 
quently, we  observed  that  about  noon  every  day  it  ceased  to  flow.  In 
one  of"^  my  rambles  afterwards,  I  came  upon  the  place  from  which  it 
sprung,  but  it  was  so  filled  with  fragments  of  rock,  that  I  could 
fold  no  due  to  the  cause  of  its  intermissions. 

Sttmislaus  River  Diggings ;  lower  down  the  river* — ^We  worked  for 
three  weeks  on  the  northern  branch  of  the  river,  but  did  not  think 
the  indications  sufficiently  encouraging  to  proceed  with  the  work. 
We  therefore  removed  to  another  bar,  about  twelve  miles  lower  down 
the  river,  and  in  order  to  avoid  the  windings  of  the  stream,  we  took 
the  nearest  track  across  the  country.  The  first  five  miles  were 
amongst  hills  of  porphyritic  rocks  ;  but  the  remainder  of  the  way 
was  over  slate-rocks  and  gold-fields. 

The  company  to  which  we  were  now  joined  (forty  men  in  num- 
ber) had  commenced  operations  for  the  purpose  of  turning  the  river ; 
its  bed  being  supposed  to  be  rich,  in  consequence  of  the  situation 
beinff  a  little  below  Carson's  Creek,  and  other  rich  creeks,  from 
which  it  was  supposed  that  large  quantities  of  gold  might  have  been 
washed ;  and  the  vertical  slates  running  across  the  bed  of  the  river 
were  supposed  to  have  many  crevices  in  which  the  gold  would  have 
been  deposited. 

While  quarrying  the  hard  slate-rock,  through  which  we  had 
to  cut  our  canal  for  the  purpose  of  draining  the  river,  we  found 
a  foenl  bivalve  shell  resembling  an  Orthial  (to  which  my  attention 
has  since  been  called  by  Sir  R.  Mnrchison).  The  position  of  the 
fossil  (like  that  of  the  rock  in  which  it  was  imbedded)  was  on  edge ; 
and,  the  fossil  having  been  split  through  together  with  its  matrix, 
there  remained  a  perfect  impression  on  each  piece  of  rock.  The 
substance  of  the  shell  had  beoDme  soft  like  chalk. 

Having  completed  our  works  on  the  river,  we  had  the  mortification 
of  finding  that  it  was  not  sufficiently  rich  to  pay  for  working  at  the 
rates  then  required  by  miners,  and  the  company  was  accordingly 
broken  up,  after  having  spent  three  months  in  miitless  labour  on  the 
Stanislaus. 

River-workings  ;  and  Position  of  Auriferous  debris  in  river  beds, 
— Our  experience  taught  us  that  gold  is  not  to  be  found  in  the 
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middle  of  a  river,  unless  there  be  a  deep  bed  of  boulders  and  graTel 
for  it  to  rest  among ;  and  even  then  it  is  rare. 

The  current  has  a  tendency,  derived  from  the  more  rapid  motion 
of  the  middle  water,  to  drive  all  heavy  matter  towards  its  margin ; 
but  eold,  being  heaviest,  resists  more  or  less  the  force  of  the  water, 
and  therefore  remains  towards  the  lower  edge  of  the  river's  bank  ;  but 
sand,  being  lightest,  is  driven  highest  up  the  bank ;  and,  as  the  river 
continues  to  wear  its  bed  deeper,  or  to  work  its  way  into  the  rock  aa 
one  side  and  leave  a  ledge  on  the  other,  in  receding  thus,  it  leaves  a 
bed  of  boulders  and  gravel  in  which  gold  may  have  been  deposited. 

The  river-workings,  with  few  exceptions,  having  been  failures,  and 
the  winter  now  approaching,  the  miners  left  the  streams  to  secure 
ground  in  the  *'  arj  diggings  *'  for  winter  work,  and  to  build  cabins 
against  the  inclement  season. 

SoHora  Creek  Diggings, — On  the  breaking-up  of  our  company,  I 
returned  to  Sonora  to  obtain  such  information  as  I  requu^  to 
determine  my  next  proceedings,  in  which  I  resolved  to  be  more  than 
usually  cautious,  as  up  to  that  time  I  had  submitted  to  the  judgmrat 
of  others,  and  had  been  unfortunate.  Nor  was  my  resolve  wedkmed 
on  arriving  at  Sonora  by  finding  the  people  at  that  place  in  a  state  of 
excitement  m  consequence  of  Uie  discovery  of  rich  deposits  of  gold 
in  a  spot  that  I  had  selected  six  months  before,  but  had  been  pre- 
vented from  working  by  my  partners  having  voted  in  favour  of  the 
other  ground  at  Suhvan's  Creek.  It  was  situated  in  the  broad  flat 
bed  of  Sonora  Creek,  but  just  at  a  place  where  it  contracted  to  enter 
a  narrower  passa^.  A  vein  of  greenstone  crossed  the  river's  course, 
and  stood  aoove  its  slaty  bed  like  a  ledge,  behind  which  a  deep  bed 
of  drift  had  collected ;  and,  as  this  drift  had  been  brought  down  by 
the  stream  from  the  rich  country  through  which  it  passed,  I  had  con- 
jectured that  rich  deposits  of  gold  misht  be  found  beneath  it.  As 
soon  as  the  discovery  became  Imown,  the  entire  bank,  amounting  to 
one  and  a  half  acres,  was  claimed,  and  divided  into  separate  lots,  of 
ten  feet  square  to  a  miner,  all  of  which  proved  exceedingly  rich. 

Campo  Seeho,  and  other  diggings  and  quartz-workings  in  the 
neighbourhood, — I  obtained  emplovment  at  a  place  call^  Campo 
Sedio  (Dry  Camp)  and  remained  there  two  months.  The  diggings 
in  that  neighbourhood  were  of  that  description  called  **  flats  "  (neu^ 
level  enough  to  be  termed  plains).  The  one  in  question  (which  was 
bein^  worked  at  different  points)  extends  from  Table  Mountain  to 
Curtis's  Creek,  a  distance  of^about  six  miles  from  north  to  south,  and 
from  one  to  one  and  a  half  in  breadth,  having  a  range  of  hiMs  on  the 
east  side,  and  Wood's  Creek  on  the  west. 

Grold  is  found  in  greater  or  lesser  quantity  over  the  whole  tract, 
but  chiefly  about  the  water-courses  by  which  it  is  intersected. 

The  western  border  is  composed  of  chlorite*slate ;  and  the  eastarn, 
of  micaceous  slate ;  the  slates  are  vertical  and  in  a  state  of  rapid  de- 
composition. Where  the  micaceous  slate  approaches  the  surficMx,  it 
decomposes  with  a  red  colour  like  that  of  the  earth  with  which  it  is 
covered  ;  the  plates  or  laminee  of  the  rock  become  open  and  earthy 
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between,  so  as  to  be  penetrated  by  roots,  and  are  easilj  separated  to 
a  considerable  depth ;  but  where  the  mass  of  earth  is  considerable, 
or  where  water  remains  on  the  rock,  the  decomposing  slate  forms  a 
bluish-white  tenacious  clay. 

In  the  middle  of  the  puun  one  hill  rises  rather  abruptly  to  a  con- 
siderable elevation,  and  has  a  large  vein  of  quartz  running  through 
its  greatest  length,  from  which  it  has  obtained  the  name  of  Quartz 
Mountain.  This  quartz  rein  can  be  traced  both  to  the  north  and 
south  of  the  hiU.  To  the  south  it  rises  high  in  another  hill  dose  to 
Snlivan's  Creek.  To  the  northward  it  mounts  like  a  wall  near  to 
Table  Mountain,  under  the  porphyritic  rocks  of  which  it  passes,  and 
again  appears  with  its  associated  slate  at  Mormon  Camp,  running  in 
the  direction  of  Carson's  Hill.  The  quartz-yein  was  bein^  worked  at 
all  the  places  here  naqied ;  but  the  richest  surface-diggmgs  are  at 
points  intermediate,  on  either  side  of  the  line,  indicating  a  greater 
waste  at  such  places. 

Geological  characters  of  district  between  San  Francisco  and  the 
Diggings, — Having  business  that  required  mj  presence  in  San  Fran- 
ciBco,  I  made  a  detour  bj  the  Calaveras  in  order  to  include  more 
mineral  country  in  my  route.  My  first  day's  journey  brought  me 
across  the  above-mentioned  Table  Mountain. 

Table  Mountain, — ^This  mountain  is  a  remarkable  feature  in  the 
landscape;  not  from  its  elevation,  which  however  is  considerable, 
bat  from  its  perpendicular  sides,  and  long,  level  outline,  extending 
ten  or  twelve  miles  from  N.E.  to  8.W.  It  is  formed  of  a  black  por- 
phyritic rock,  which  contains  a  large  amount  of  iron.  Crystals  of 
felspar  of  the  same  colour  as  the  rock  are  distributed  through  it, 
which  become  white  as  they  decompose,  and  which  leave  their  print 
in  the  rock  when  they  have  disappeared.  In  some  places  the  rock  is 
compact,  and  at  others  rises  in  the  form  of  irregular  columns  or 
palindes.  The  mountain  has  no  great  breadth  at  any  point,  while 
at  some  places  it  is  comparatively  a  mere  wall.  I  found  it  overlying 
the  slate-rock,  and  at  some  places,  where  the  mountain  presented  a 
perpendicular  wall,  the  slates  were  also  perpendicular,  and  parallel 
to  it. 

It  appeared  evident  to  me  that  the  matter  of  which  the  hill  is 
composed  had,  while  in  a  state  of  fusion,  been  injected  and  moulded 
in  the  cavities  and  rents  of  the  rocks  which  then  surrounded  it  and 
stood  immensely  elevated  above  its  present  height.  These  rocks, 
being  of  a  softer  nature  than  the  rock  of  which  Table  Mountain  is 
composed,  and  having  their  vertical  edges  exposed,  would  be  more 
rapTdly  decomposed  than  the  intruded  porphyry,  so  that  the  Table 
Mountain  would  eventually,  as  it  does,  look  over  the  hills  in  which 
it  once  lay  embosomed  as  a  liquid  mass.  The  sharp,  high  crass 
of  ragged  rock  which  then  surrounded  it  are  become  low,  smooth, 
round^  hills,  and  flats  covered  with  vegetation,  while  the  waste 
drifted  from  them  has  covered  the  valley  of  the  San  Joaquin  with 
many  feet  depth  of  earth  and  gravel. 

Origin  of  the  Gold  Drift,  and  comparison  of  drift  and  quartz- 
veins  as  to  their  auriferousness. — Thus,  we  can  perceive,  how  nature 
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has  heen  employed,  for  ages,  in  a  way  m  which  thoosands  of  miners 
now  expend  their  labour ;  that  is  to  say,  in  separating  the  gold  from 
the  rocky  and  earthy  matrix,  and  washing  away  the  refuse.  Thus, 
gold  may  be  found  m  most  places  over  the  metamorphic  ranges,  but 
more  particularly  in  ravines  where  frequent  land-slips  have  occurred 
on  the  steep  sides  of  hills,  and  rains  have  washed  the  greater  part  of 
the  earth  away,  leaving  rich  deposits  of  gold  behind.  According  to 
this  view  alone  (considering  the  amount  of  denudation  that  has  t&en 
place),  it  may  be  understood  why  the  soil  is  so  rich  in  gold,  while 
many  of  the  auriferous  quartz-veins  in  the  vicinity  of  rich  surface- 
diggings  are  comparatively  as  poor,  and  it  may  reasonably  be  inferred 
that  the  superficial  debris  and  clay  contain  more  gold  than  may  be 
found  in  the  quartz-veins  by  mining  to  their  utmost  depth.  See  also 
Carson's  Hill  (infra),  Sonora,  &c.,  pages  312,  316,  318. 

Mormon  Creek  and  other  Diggings. — On  the  north  side  of  Table 
Mountain  there  is  a  stream  running  parallel  with  the  mountain,  and 
called  Mormon's  Creek,  which  has  proved  rich  in  some  places.  At 
right  angles  to  this,  and  parallel  with  the  great  quartz-vein,  runs  a 
deep  ravme,  bearing  the  name  of  the  Mormons  also.  This  is  about 
a  mile  in  length,  and  has  been  extremely  rich.  Passing  over  the  hill 
at  the  head  of  this,  I  came  into  another  ravine  of  equal  or  greats 
length  and  steepness,  called  Jackass  Gulcb,  trending  in  the  same  line 
with  the  former,  but  falling  into  the  Stanislaus  in  the  direction  of 
Carson's  Hill.  On  the  other  side  of  the  river,  another  rich  ravine 
(called  Indian  Gulch)  commences  and  runs  nearly  to  the  top  of  Car- 
son's Hill. 

Carson's  Hill  Qwiriz  Mining  Works, — ^After  crossing  the  river, 
by  means  of  a  ferry  established  at  this  place,  I  ascended  Carson's 
Hill,  and  witnessed  the  works  being  carried  on  there  in  quartz- 
mining.  The  hill  is  composed  of  chlorite-slate,  rises  to  the  elevation 
of  500  feet  above  the  level  of  the  river,  and  is  pierced  by  the  quartz- 
vein  already  mentioned,  which  is  easily  traced  down  both  sides,  but 
projects  above  the  summit  like  a  massive  wall.  A  cross-section  of 
the  vein  (fig.  4)  shows  it  to  be  wedge-shaped,  being  about  20  feet 

Fig.  4. — Section  of  the  Quartz-vein  in  Carson's  Hill:  from 
the  N.  W.     Height  200  feet. 


J< 


Micaceous  ilate.  CUoritic  slate. 


Quarts-Tein,  containing  large  pieces  of  slate 
and  auriferous  in  its  upper  portion. 

in  thickness  at  the  top  and  decreasing  to  about  one  foot  at  the  bottom 
of  the  hill.     In  its  thickest  part  it  imbeds  large  masses  of  the  slate. 
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which  seem  to  have  falleii  into  the  rent,  previously  to  or  during  the 
formation  of  the  quartz-vein. 

It  was  in  the  highest  part  of  this  vein,  and  on  its  lower  side 
(fie.  4),  that  the  gold  was  first  discovered,  and  it  was  certainly  the 
ridhest  portion  of  the  rock ;  for,  having  heen  tried  at  different  eleva- 
tions, it  is  found  to  lose  all  traces  of  gmd  as  it  descends.  At  the  top 
of  the  hill  the  quartz-vein  was  in  a  state  of  decomposition,  and  of  a 
reddish  colour ;  and,  besides  gold,  it  here  contained  a  large  amount 
of  iron  and  slight  traces  of  copper ;  but  the  lower  part  of  the  vein 
becomes  white,  glassy,  and  hard,  and  void  of  all  traces  of  metal. 

Looking  from  the  top  of  this  hill,  in  a  north-westerly  direction,  the 
same  quartz-vein  can  be  seen  cropping  out  in  several  other  hills. 

The  line  which  I  subsequently  travelled  being  parallel  to  the  ranse, 
there  was  Uttle  variety  to  notice ;  surface-diegings  onlv  occasionuly 
occurred,  which  were  similar  to  such  as  I  had  frequently  seen. 

Greenstone  Fein  near  Sulivan*s  Camp. — After  a  few  days  I  left 
San  Francisco  and  returned  to  the  mines,  intending  to  continue  my 
researches,  commencing  with  a  hill  one  mile  to  the  eastward  of  Suli- 
van's  Camp.  It  was  lutogether  of  granite,  with  the  exception  of  a 
large  vein  of  greenstone,  passing  through  and  dividing  the  hill  into 
equal  parts. 

I  traced  the  vein  to  the  base  of  the  hill,  where  it  entered  the  gneiss 
and  passed  on  through  the  crystalline  Umestone  and  mica-slate.  Its 
section  is  wedge-shaped ;  and  so  regularly  did  it  decrease  in  thick- 
ness, in  descending  towards  the  base  of  tms  hill,  and  again  increased 
in  thickness  in  ascending  the  next  hill,  which  was  of  slate,  that  an 
approximative  calculation  of  its  depth  (which  cannot  be  verv  con- 
siderable) might  readily  be  made.  It  was  evident  that  this  vem  was 
of  a  much  more  recent  date  than  the  vertical  metamorphio  rooks 
through  which  it  passed  in  a  well-defined  course.  It  also  crosses  a 
laree  quartz-vein  in  the  slate.  The  crystalline  limestone,  a  rock 
wimout  any  particular  line  of  cleavage,  was  greatly  fractured,  and  the 
c^revices  were  penetrated  by  small  lateral  veins  of  the  greenstone, 
some  of  which  are  not  more  than  half  an  inch  in  thickness,  are  ex- 
<:«8sively  hard,  and  produce  a  metallic  sound  when  struck  against 
another  hard  substance.  It  seemed  evident  with  regard  to  this  vein, 
tliat  there  had  been  no  great  amount  of  disturbance  since  it  was 
formed,  as  is  indicated  by  its  dose  contact  with  the  rocks  through 
iivhich  it  passed. 

Toulumne  River  DiggingB. — ^The  Toulumne  is  a  considerable 
stream,  nearly  equal  in  its  volume  of  water  to  the  Stanislaus.  Crold 
10  pretty  equally  distributed  along  its  banks,  and  the  workings  paid 
a  good  average  to  the  miners.  In  passing  from  Jacksonville  on  the 
Toulumne  to  Curtisville,  I  traversed  a  granitic  district  strewed  with 
fragments  of  the  slate-rocks,  which  are  no  loi^r  seen  there  in  situ, 

Curtis  Creek  Diggings. — ^The  diggings  in  Curtis  Creek  were  tole- 
rably rich,  but  not  extensive ;  and  the  gold  found  there  was  com- 
monly coated  with  quicksilver ;  indicating  the  existenee  of  a  vein  of 
that  mineral  in  the  vicinity.    This  is  not  peculiar  to  Curtis  Creek. 
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Blanket  Creek  and  other  Diggings. — Near  to  Blanket  Cre^  and 
about  five  miles  south  from  Sonora,  I  found  the  remains  of  a  large 
quartz-rein,  resting  apparently  on  the  granite  rock.  It  was  about 
20  feet  long,  3  feet  wide,  and  3  feet  hidi;  with  decomposed 
gneiss  (the  remains,  probably,  of  its  originid  matrix)  fying  against 
each  side.  On  examination  I  could  not  discover  that  it  anjwheie 
penetrated  the  granite.  There  were  no  gold-diggings  near,  though 
the  place  had  been  well  tried,  ^m  which  &ct  it  m^t  be  argued, 
that  the  gold  had  been  removed  (or  at  leaiEit  the  appreciable  portioDs) 
long  before  the  quartz-vein  was  worn  down  to  its  granite  bed ;  and 
this  was  the  more  remarkable,  as  the  remains  in  question  formed  a 
portion  of  one  of  the  three  great  auriferous  quartz-vems  which  traverse 
California.  It  is  the  most  eastern  of  the  three  (see  Map  and  Section, 
figs.  1  &  2),  and  passes  by  Sonora,  which  is  considered  the  richest 
district  of  the  southern  mines. 

Following  the  same  line  southward  to  Blanket  Creek  and  Canaka 
Creek,  I  observed  that  the  metamorphic  rocks  are  worn  Tery  low. 
At  one  spot  a  few  miners  had  discovered  a  deposit  of  gold  in  what 
had  been  a  deep  chasm  in  the  crystalline  limestone ;  but,  with  ^lis 
exception,  no  gold  was  found  so  high  up  these  creeks :  and  in  de- 
scending, the  first  that  was  found  in  them  was  in  large  lumps,  the  finer 
and  lighter  gold,  in  all  probability,  having  been  washed  away. 

Coyote  Creek. — ^At  CJoyote  Creek,  where  I  had  worked  for  two 
months,  the  rocks  had  suffered  great  displacement,  possibly  in  om- 
sequence  of  being  in  contact  with  a  granite  peak  that  rose  high  above 
the  surrounding  metamorphic  rocks.  In  one  branch  of  tlus  creek 
that  passed  between  the  gneiss  and  limestone  we  frequently  found 
garnets. 

Sonora  :  workings  in  quartz-vein. — At  Sonora  I  went  to  examine 
a  quartz-vein  that  was  being  worked  for  the  gold  it  contained,  and 
was  expected  to  prove  rich.  Its  situation,  on  the  side  of  a  steep, 
high  hill,  afforded  facilities  for  running  levels,  and  accordingly  one 
had  been  cut  through  the  vein  about  50  feet  below  the  outcropping^ 
and  a  shaft  had  then  been  sunk  to  a  considerable  depth  into  the  vein, 
with  the  hope  of  finding  it  richer,  but  the  gold  found  up  to  that  time 
was  so  minute  as  to  require  erinding  and  amalgamation  to  collect  it. 
The  ravine  below  was  very  nch,  and  many  large  lumps  were  found 
which  must  have  fallen  firom  that  same  vein.  One  piece  that  I  saw 
there  weighed  sixty  ounces.   See  also  p.  314. 

Murphy's  Diggings. — New  diggings  having  been  discovered  near 
to  Murphy's  Camp,  which  were  said  to  be  in  a  new  kind  of  ground, 
I  went  to  see  the  workings,  and  found  them  situated  on  a  hill 
formed  of  tertiary  ?  calcareous  deposits  (fig.  5).  See  also  Mokelmne 
Hill  Diggings,  p.  319. 

The  gold  was  found  in  a  blue  day,  or  decomposed  slate,  mingled 
with  pebbles  of  quartz  beneath  the  calcareous  deposit.  Some  of  the 
miners  had  to  sink  90  feet,  and  then  found  the  auriferous  earth  in 
what  seemed  to  be  an  old  creek  or  water-course. 

There  are  several  of  these  hills  in  the  immediate  vicinity.  One  in 
particular  (which  is,  in  fact,  a  part  of  this  same  hill)  seems  to  retain 
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Dearly  its  original  height.  A  high  cliff,  on  the  eastern  side,  exposes 
to  view  seven  distinct  strata,  the  npper  one  of  which  is  composed  of 
Tolcanic  cinders  cemented  with  lime  (fig.  5)  ;  the  others  are  prmcipally 
conglomerates,  composed  of  granite  boolders  and  calcareous  deposits. 
Some  of  the  honlders  are  extremely  large  and  smoothly  rounded ; 
one  which  I  measured  was  8  feet  in  its  greatest  diameter. 

Fig.  5. — Section  at  Murphy* a  Beep  Diggings,   Length  about  \  mile. 

N.N.W.  Oold-diggen'  ihafts,  90  feet  deq>.  S.S.E. 

Oak  and  crab 


1.  Yokanic  ashes. 
S.  Sandy  limestone. 

3.  Sandy  limestone  with  boulders. 

4.  Limestone  with  sand  and  boul> 

ders ;  the  beds  being  more  cal- 
careous downwards. 


6.  Shafts,  go  feet  deep,  piercing  cal- 
careous deposits,  with  boulders  in 
the  lower  part,  and  reaching  the 
auriferous  clay  that  resu  on  the 
mica-slate. 


Mode  of  formation  of  the  Auriferous  Drift. — ^To  account  for 
the  manner  in  which  the  various  rocks  are  arranged  in  the  boulder 
conglomerate,  I  would  suppose  that  the  quartz-boiilders  of  the  lower 
strata  belong  to  the  veins  of  that  rock  in  the  neighbouring  hills, 
which,  after  being  left  bare  by  the  wasting  of  the  slate-rock,  and  rent 
by  frost  or  otherwise,  rolled  down  into  the  creeks  and  rivers,  and  as 
the  sea  gradually  encroached,  these  creeks  and  rivers  would  become 
bays  and  inlets,  round  the  margins  of  which  ice-banks  might  be 
formed,  which  at  times  of  thaw  and  heavy  floods  would  be  detached 
and  carried  out  to  sea,  with  such  attached  matter  as  it  could  float ; 
where  meeting  with  north-west  winds  and  the  southward  current  of 
the  ocean,  they  were  drifted  south  and  east,  until  they  got  stranded 
on  or  against  the  hills  which  then  formed  the  sea-shore.  But  as  the 
land  continued  to  be  submerged,  the  water  penetrated  farther  among 
the  hills  and  at  length  reached  the  granite  ranges,  from  whence  it 
carried  out  the  granite  drift  while  the  quartz  was  protected  by  depth 
of  water. 

There  are  several  of  these  tertiary?  hills  under  which  gold  is 
found ;  but  no  eold  is  found  in  them,  except  at  their  immediate  con- 
tact with  the  older  rocks ;  which  may  be  accounted  for  in  this  way. 
First,  that  when  quartz  is  auriferous,  it  is  highly  impregnated  with 
iron  also,  which  on  exposure  to  the  atmosphere  oxidizes  and  causes 
a  disintegration  of  the  rock,  by  which  means  the  gold  is  liberated ; 
which,  if  it  then  be  drifted  by  water,  settles  in  the  lower  stratum, 
and  is  in  consequence  less  likely  to  be  removed  by  either  ice  or  water. 
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Again,  if  it  be  so  remored,  it  is  evident  Uiat  the  ioe-drifted  WBtter 
from  these  hUls  was  nerer  allowed  to  float  ha  oat  to  sea  before  it 
was  thrown  back  against  the  beach  aeain.  To  this  I  would  add, 
that  the  gold  found  in  what  is  termed  the  dry  diggings  is  oommonlj 
on  or  near  the  western  slopes  of  the  hills,  and  in  soch  places  has  the 
appearance  of  being  abraded  and  water-worn,  while  a  few  samples 
that  I  have  seen  of  the  opposite  character  were  found  on  eastern 
slopes,  or  in  otherwise  sheltered  positions :  from  which  facts  it  would 
appear  that  the  abrasion  suffered  by  the  gold  scattered  over  these 
broad  districts  was  effected  by  the  waves  of  the  ocean,  under  whose 
action  it  would  be  again  laid  close  against  the  ancient  rock. 

Comparison  between  Drift-workm^s  and  Quartz-vein^mimMff. — 
When  the  rage  for  quartz-gold-mining  broke  out,  it  was  proposed 
by  some  members  of  our  company  that  we  should  join  in  a  work  of 
that  description.  This  I  opposed,  from  a  conviction  that  it  would 
not  pay  so  well  as  the  surface-workings.  The  arguments  I  made 
use  of  were  to  this  effect : — that  in  whatever  superficial  debris  or 
earth  gold  is  found,  the  lower  it  be  in  such  soil  the  richer  it  is,  and 
always  richest  next  the  rock  :  in  gulleys  where  frequent  land-slips 
have  taken  place,  successive  beds  containing  gold  may  be  found,  but 
the  lowest  b  alwavs  the  richest :  the  wealth  of  the  gold  is  not  only 
in  quantity,  but  hkewise  in  the  size  of  the  grains  or  lumps  the  de- 
posits contain,  while  the  opposite  order  seems  to  take  place  in  the 
quartz-veins:  the  richest  mines  yet  discovered  occupv  the  highest 
situations,  while  the  same  matrix,  when  traced  to  fower  ground, 
seems  to  contain  little  or  no  gold.  From  these  facts  I  inferred  that 
the  top  of  the  quartz-veins  was  the  richest,  and  being  the  first  to 
disintegrate,  it  was  likewise  the  first  to  be  deposited  in  the  ravines 
below,  and  as  the  waste  progressed,  the  deposits  became  poorer, 
until  in  most  situations  the  later  waste  contained  no  gold,  and  by  its 
continued  deposits  buried  the  precious  metal  deeper  below.  From 
the  same  tram  of  argument,  it  follows  that  the  deeper  we  sink  into  a 
quartz-vein  the  less  productive  and  more  expensive  we  shall  find  it. 

One  of  the  company  (my  friend,  Mr.  Allan),  to  satisfy  himself 
practically,  examined  every  quartz-mine  then  being  worked  from 
Carsou's  Hill  to  the  Mariposa,  and  by  his  inquiries,  he  could  not 
discover  that  any  increase  in  richness  was  found  by  sinking,  but 
rather  the  opposite  result  obtained,  and  the  difficulty  of  working 
increased  from  the  increased  hardness  of  the  rock,  and  the  minute- 
ness of  the  gold  requiring  more  perfect  machinery  to  effect  a  thorough 
separation.     See  also  p.  314. 

Chinese  Diggings, — Mr.  Allan  and  myself  being  satisfied  that 
quartz-veins  could  not  be  worked  profitably,  I  selected  some  ground 
for  our  joint  operations  in  what  is  called  the  Chinese  Diggings,  which 
fortunately  proved  to  be  rich.  The  place  was  of  that  description 
known  to  mmers  as  flat  or  dry  dimngs,  from  being  situated  on  a  flat 
piece  of  country  bordered  by  mm,  and  having  no  nmnins  water, 
so  that  those  working  there  in  the  summer  season  either  sunk  wells, 
or  carted  the  earth  to  the  nearest  springs  they  could  obtain.  The 
uriferous  earth  was  from  1  to  6  feet  in  depth,  according  to  its  sitoa- 
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tion  with  regard  to  the  hills,  beinff  deepest  and  richest  at  the  open- 
ing of  the  ravines,  and  in  the  middle  of  depressions.  It  is  a  Umgh 
wmtish  clay,  intermixed  with  petrified  wooa  and  fragments  of  quartz 
and  other  rocks.  The  bed-rode  is  a  coarse-grained  slate,  with  crystals 
of  felspar  (like  that  of  many  other  places) .  The  rock  was  decomposed 
to  a  considerable  depth,  forming  a  day  that  could  only  be  custin- 
goished  from  the  best  auriferous  earth  that  lay  on  it  by  not  having  a 
Biixture  of  quartz-gravel. 

I  found  a  small  vein  of  asbestos  in  this  rock  that  is  similar  to  a 
spedmen  that  I  had  obtained  ^m  Van  Diemen's  Land,  attached  to  a 
fragment  of  similar  rock. 

Mokelwme  Hill  Diggings. — At  Mokdmne  Hill  I  found  extensive 
remains  of  the  tertiary?  formation  above-mentioned,  under  which 
mines  of  extraordinary  richness  were  being  worked,  at  great  depths. 
This  description  of  mme  is  known  to  miners  by  the  general  designa- 
tion of  "  volcanic  diggings,"  probably  because  the  upper  stratum  of 
the  series  conasts  of  volcanic  cmd^rs  cemented  with  lime.  See  Murphy 
Creek  Diggings^  p.  316. 

Volcanie  Cinders. — The  presence  of  these  volcanic  products  is  oc- 
easionally^the  cause  of  much  speculation,  no  volcanos  being  knovm 
to  exist  m  Califomia,  nor  traces  of  any  that  could  have  been  of  such 
late  origin.  The  course  of  the  prevailing  vrinds,  and  general  drift  of 
the  Northern  Ocean,  might,  however,  lead  us  to  look  for  their  origin 
in  the  volcanos  of  Kamtschatka  and  the  Aleutian  Islands. 

General  Geology  of  the  Region. — Having  examined  the  country 
from  the  Mokelmne  to  near  the  Mariposa,  and  obtained  information 
from  others  who  had  travelled  farther  north  and  south,  I  am  enabled 
to  state  tha^  apparently  the  same  arrangement  of  the  strata  prevails 
throu^oui  the  range,  and  a  section  at  right  angles  to  the  line  of 
the  strata  at  one  point  will  represent  the  general  order  of  the  rocks. 
(See  Map  and  Section,  figs.  1  &  2.)  If,  therefore,  a  section  be  taken 
from  the  gnmite  hill  east  of  the  town  of  Sonora,  and  drawn  in  a 
Hoe  to  the  Valley  of  the  San  Joaquin  at  a  point  near  to  Taylor's 
Ferry,  the  arrangement  is — 1st,  gneiss ;  2nd,  white  crystalline  lime- 
stone ;  3rd,  mica-slate ;  4  th,  chlorite-slate ;  5th,  a  coarse  slate,  con- 
taining much  felspar;  6th,  clay-slate.  These  all  stand  vertically 
and  parallel  with  the  mountain-range,  and  are  traversed  by  three 
prindpal  quartz-veins,  running  in  the  same  direction,  from  east  of 
south  to  west  of  north.  The  first  or  eastern  vein  b  in  the  gneiss, 
bat  near  to  the  line  of  the  limestone.  The  second  or  middle  vein  is 
in  the  mica-slate,  but  close  to  the  chlorite-slate,  and  sometimes  di- 
vides or  passes  between  them  ;  the  third  b  in  ^the  coarse  slate,  but 
not  so  well-defined  as  the  other  two. 

The  Tertiary  Rocks. — The  tertbry?  limestone  formation  has  been 
very  extensive.  Its  andent  margin  may  still  be  traced  in  places, 
occurring  in  boulder-conglomerate  cliffs,  attached  to  the  sides  of  the 
hiUs  formed  by  the  older  rocks,  about  4000  feet  above  the  level  of 
the  sea,  and  from  200  to  300  feet  above  the  streams  in  the  adjoining 
valleys.  The  remains  of  thb  formation  abound  in  the  neighbour- 
hood of  the  Cakveras  and    Mokelmne.      It   has  penetrated  the 
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I  of  the  hills  and  filled  them  to  the  same  level.  Otlm'  firag- 
maats  of  these  rocks,  of  an  interesting  character,  occur  in  Coyote 
Creek,  in  the  character  of  natural  bridges,  one  of  which  I  examined. 
The  interior  consists  of  two  caverns,  one  on  each  side,  connected  by  a 
dark  winding  passage,  through  which  the  water  of  Uie  creek  passes. 
The  entire  passage  through  the  bridge  is  240  feet.  The  interior  of 
the  caves  is  lined  with  stiuactite. 

The  outside  of  the  range  bordering  the  valley  of  the  San  Joaquin 
is  flanked  with  hills  of  the  same  formation,  lying  in  horizontal  strata. 
Looking  toward  the  head  of  the  valley,  mm  an  eminence  at  the 
Stanislaus,  I  could  see  them  extending  southward  as  &r  as  the  eye 
could  reach,  and  these  hills  were  easily  distinguished  by  the  uniform 
level  of  their  summits. 

Cinnabar  Mine$. 

Bay  of  San  Francisco. — ^Being  at  San  Francisco,  I  went  to  San 
Jose,  to  visit  the  quicksilver-mines  at  the  head  of  that  valley.  Find- 
ing a  steamboat  at  the  wharf,  bound  for  Alviso,  we  went  on  board 
and  got  under  way.  Our  course  lying  toward  theJiead  of  the  bay, 
we  had  a  good  view  of  the  country  on  each  side ;  and,  both  sides 
having  a  range  of  hills  running  parallel  with  the  bay,  the  scene  was 
highly  picturesque.  The  water  becomes  shallow  toward  the  head  of 
the  bay  ;  and  me  low  swampy  country  and  mud-banks  of  the  margin 
seem  to  be  making  rapid  encroachment  on  the  water  of  the  bay. 
We  were  landed  next  morning  at  a  low  muddy  swamp,  on  which 
the  little  town  of  Alviso  is  built,  and  we  had  still  nine  miles  to 
travel  in  order  to  reach  San  Jose,  across  a  plain  of  rich  alluvial 
deposit.  The  town  of  San  Jose  is  situated  in  the  middftlof  a  beau- 
tiful valley,  well  wooded,  and  watered  by  streams  from  the  moun- 
tains on  eadi  side.  As  we  passed  along  the  valley  we  could  not  help 
admiring  the  beauty  of  the  country,  the  greater  part  of  which  was 
still  in  its  wild  state.  The  trees,  which  were  principally  of  oak,  of 
several  varieties,  were  thinly  scattered  across  the  valley. 

The  two  mountain  ridges  of  the  Coast-range  (aee  Map),  whidi 
bound  the  bay  and  the  valley  on  each  side,  meet  aoout  twenty  miles 
above  San  Jose,  and  confine  the  view.  I  observed  this  particularly, 
as  I  think  it  enabled  me  to  determine  the  cause  of  the  peculiar 
character  of  the  climate  of  the  city  of  San  Francisco  and  its  imme- 
diate neighbourhood.  During  the  summer  season,  the  mornings  are 
exceedingly  warm  until  nearly  noon,  after  which  time  the  wind  blows 
in  from  the  sea,  and  is  felt  so  extremely  cold,  that  winter-clothing 
is  found  necessary.  This  daily  variation  of  temperature  appeared  to 
me  to  be  satisfactorily  accounted  for,  by  supposing  that  when  the 
sun  was  near  the  meridian,  its  rays,  refracted  from  the  sloping  sides 
of  the  mountains,  heat  the  air,  in  consequence  of  which  it  is  rarefied, 
and  ascends,  leaving  a  deficiency  in  the  equilibrium,  to  supply  which 
the  more  dense  and.  cold  air  rushes  in  from  the  sea  through  the  only 
opening,  the  Golden  Gate  (as  the  narrow  entrance  to  the  bav  is 
called) .  The  cold  air  rushes  with  considerable  force  by  San  Franasoo, 
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and  is  most  acutelj  felt  there,  and  after  passing  that  point  it  becomes 
diffused. 

Hie  Quicksilver  Works  and  Cinnabar  3ftn««.— After  travelling 
about  fifteen  miles  from  San  Jose,  we  arrived  at  the  quicksilver  works, 
which  we  found  situated  in  the  bottom  of  a  beautiful  ^n,  through 
which  a  clear  stream  of  water  continually  flowed.  We  obtained 
permission  of  the  Superintendent  to  witness  the  process  by  which 
quicksilver  is  extracted  firom  the  Cinnabar.  In  this  I  found  that  they 
had  abandoned  the  old  method  of  using  retorts,  and  adopted  a  mode 
by  which  the  process  is  managed  on  a  more  extensive  scale,  by  using 
a  number  of  large  furnaces,  each  built  somewhat  in  the  form  of  an 
oven,  and  having  a  chamber  attached,  in  which  condensation  of  the 
mercurial  vapour  is  effected. 

We  next  went  to  see  the  mines,  one  mile  and  a  half  distant.  The 
road  led  up  a  rather  steep  ravine,  along  one  side  of  which  it  has  been 
cut  at  very  considerable  expense.  On  our  way  we  met  a  number  of 
mules  laden  with  cinnabar,  on  pack-saddles,  this  being  found  the 
readiest  method  of  conveyance  to  the  works. 

At  the  head  of  the  road  we  found  a  number  of  men  employed  in 
cutting  a  level  iifto  the  hill,  intended  to  pass  through  the  vein  below 
the  present  workings.  About  150  feet  higher  up  the  hill  we  could 
see  the  present  opening  to  the  mine,  to  which  we  ascended  by  a 
steep,  winding  path.  On  a  terrace  formed  in  front  of  the  opening  a 
number  of  men  were  sorting  the  ore,  while  others  were  empioved  in 
carrying  it  out  of  the  mine  in  bags  suspended  on  their  backs,  by 
means  of  straps  passing  across  the  front  of  their  heads ;  while  in  their 
hands  they  each  carried  a  stick,  which  they  used  in  the  manner  of  a 
long  staff^ut  having  a  socket  fixed  on  it,  near  to  the  lower  end,  in 
which  they  carried  a  candle  to  light  them  through  the  dark  and 
rocky  passage. 

The  mine  is  near  the  top  of  a  mountain,  about  1500  feet  elevation 
above  the  level  of  the  sea.  The  rock  is  clay-slate,  and  the  cinnabar 
is  found  in  a  vein  with  quartz.  The  vein  is  vertical,  but  the  slates 
lean  at  a  considerable  angle  eastward.  In  walking  across  the  hill,  I 
found  two  other  quartz-veins  with  apparently  the  same  metallic 
character,  and  I  was  told  afterwards  that  they  had  been  tested,  and 
found  to  contain  quicksilver,  but  they  were  not  included  in  the  com- 

rmy's  property.  The  cinnabar  is  red  in  colour,  different  from  any 
had  before  seen,  though  I  feel  almost  satisfied  that  it  is  identical 
with  a  red  mineral  that  I  had  frequently  seen  in  Australia,  but  sup- 
posed then  to  be  merely  an  oxide  of  iron. 

Metalliferous  Minerals  of  California, — Other  metals  exist  in 
California,  but  are  not  thought  worth  looking  for  while  gold  can 
be  got  by  dicing.  I  was  shown  a  specimen  of  sulphuret  of  silver, 
found  up  the  south  branch  of  the  Stanislaus,  and  which  was  said  to 
be  abundant.  It  was  discovered  and  identified  as  silver  ore  by  a 
South  American  woman.  I  was  told  likewise  of  the  existence  of  a 
rich  lead-vein  in  the  Coast-range,  south  of  the  Cinnabar  mines. 
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4.  On  the  €k)ROMANDEL  Gold-diogings  tjt  Nbint  Zealand.  Bj 
Mr.  Charles  Heapley.  In  a  Letter  to  His  ExceUouy  Sir 
(reorge  Grey ; — communicated  by  Sir  R.  I.  Murchison,  F.G.S. 

The  gold  wliich  was  obtained  here  (Coromandel*  near  Auckland) 
during  the  summer  was  all  dug  from  either  the  surface,  or  from  a 
depth  of  18  inches  varying  to  4  feet  below  it,  and  was  taken  in  some 
instances  from  the  gravel  of  a  stream- bed,  or  in  others  from  a  bed  of 
quartz-grit  near  the  foot  of  a  granite  mountain. 

Only  in  one  instance  had  any  one  sunk  a  shaft  to  the  bed-rock. 
At  a  depth  of  33  feet,  a  shaft,  which  I  dug,  fell  in  from  the  looseness 
of  the  surrounding  earth.  Mr.  Stephenson,  a  di^er,  however,  came 
upon  the  bed-rock  at  a  depth  of  27  feet ;  but  there  it  was  on  so  steep 
an  inclination,  that  but  httle  gold  could  have  been  expected  to  have 
been  found  lodging  upon  it.  Some  small  pieces,  of  a  more  solid 
nature  than  any  found  elsewhere,  were,  however,  washed  from  its 
surface.  (See  fig.  p.  323.) 

The  unusually  wet  summer  induced  the  di^rs,  who  were  chiefly 
men  from  Port  Philip,  men  used  to  a  dry  chmate  and  firm  soil,  to 
abandon  the  idea  of  sinking  shafts  to  the  bed-rock.  The  New  Zea- 
land diggers  contented  themselves  with  digging  near  the  surface,  and 
when  the  small  stratum  of  quartz-grit,  where  Coolahan  got  his  gold, 
was  exhausted,  they  left  the  district. 

It  cannot,  however,  be  denied,  that  the  Umited  extent  of  the  Go- 
vernment district  was  a  source  of  discouragement  to  men,  who,  in 
Australia  and  California,  look  to  an  unhmited  field  for  exploration. 
But,  had  the  working  been  of  a  systematic  nature ;  had  shafts  been 
sunk  by  each  party  to  a  reasonable  depth,  there  is  but  httle  doubt 
that  rich  deposits  would  have  been  brought  to  light. 

On  the  eastern  side  of  the  Dividing  Range,  gold  has  been  found 
by  various  prospecting  parties;  and  in  one  valley,  the  Opitonui, 
which  all  concurred  in  declaring  rich,  one  man,  a  Canadian,  has  latdy 
reported  to  me,  that  in  prospecting  he  "  could  pick  the  gold  out  df 
a  stratum  "  mik  the  point  of  his  knife.  How  far  this  is  true,  I  can- 
not say.  The  man  says  that  he  merely  waits  for  the  valley  being 
thrown  open  to  commence  work  there.  The  place  is  so  closely 
watched  by  the  natives,  that  it  is  not  practicable  for  a  man  to  work 
there  now  even  covertly. 

By  a  map  *  that  I  send  herewith  officially.  Your  Excellency  will 
perceive  the  extent  of  the  known  gold-field.  Beyond  this,  the 
Messrs.  Ring  are  reported  to  have  found  ^old  in  the  direction  of  the 
Aroba  mountain,  to  the  eastward  of  the  Thames. 

The  map  only  includes  such  parts  of  the  district  as  I  am  personally 
acquainted  with. 

By  a  very  recent  examination,  I  have  been  enabled  to  discover  the 
surface  of  the  bed-rock  immediately  over  the  locaUty  whence  Coola- 
han and  others  obtained  the  greater  part  of  their  gold  last  summer; 
and,  from  the  circumstance  of  its  beins  of  quartz  of  a  similar  nature 
to  that  to  which  their  gold  adhered,  I  am  in  great  hope  of  bebg 
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*  Not  accompanying  this  letter. — Ed.  Q.  J. 
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able  shortly  to  find  the  matrix,  or  otherwise  ''pockets  "  of  a  rich 
description.  In  my  last  day's  prospecting  1  found  some  very 
angolar  and  sharp  fragments  of  quurtz,  containii^  gold,  within  about 
25  yards,  and  below  the  quartz-rock  in  question ;  and,  from  the  entire 
absence  of  abrasion  on  the  edges  or  comers  of  these  fragments,  I 
am  induced  to  believe  that  they  had  not  been  deposited  far,  perhaps 
not  many  yards,  ^m  the  locality  of  their  original  matrix.  I  send 
them  to  you  herewith.    The  annexed  is  a  section  of  the  locality. 

Section  of  the  Crold-^igginge,  at  Coromandel,  New  Zealand, 
Lei^h  of  section  about  75  yards. 


Bed-rock  of         Figments  of 

decompcMed         decomposing 

gnuute.  gnmite. 

a,  a.  TeDow  clay. 

bf  b.  Blue  and  yellow  day,  not  anriferonB,  underlying  the  "dirt-bed." 

d,  d.  Dirt-bed  with  gold ;  orerhud  by  yellow  clay. 

Tou  will  see  that,  from  the  position  of  the  denuded  bed-rock  on 
the  hill-side,  it  will  be  easy  to  carry  off  the  drainaee-water  from  any 
working  commencing  at  the  point  "/,**  and  hence  I  purpose  tunnel- 
ling or  ''driving"  to  the  right  and  left  from  that  point,  along  the 
surface  of  the  rock,  following  it  also  downward,  as  far  as  the  accu- 
mulating water  will  allow.  §o  long  as  the  rock  slants  steeply  down- 
ward, there  is  no  probabiHty  of  much  gold  being  found  on  its  surface ; 
but  should  any  hollow  or  edge  be  found,  gold  in  large  quantities  is 
nearly  sure  to  be  found  also ;  at  least,  if  the  matrix  nrom  which  the 
fragments  came  lay  on  the  hill  above. 

From  examination  of  the  |)lace,  it  would  appear  that  the  '*  dirt- 
bed  "  (d,  d)  was  a  deposit  arising  from  a  slip  n'om  the  surface  of  the 
Tock  of  the  hill  above ;  and  that,  subsequent  to  its  deposit,  another 
slip  from  a  yet  higher  part  of  the  hill  had  taken  place,  covering  the 
dirt-bed  over  with  a  yellow  clay,  in  which  there  is  no  gold.  Coolahan's 
party,  and  others,  examined  this  yellow  day,  and  found  in  it  no 
gold,  but  were  not  aware  that  it  was  a  more  recent,  and  consequently 
overlying  deposit  to  that  from  which  they  washed  their  gold,  and 
that  it  had  shd  from  an  upper  level,  beyond  the  matrix. 

I  purpose,  if  the  weather  allows,  to  commence  opening  out  the 
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surfkoe  of  the  rock  tomorrow ;  and,  haviiig  with  me  some  practical 
diggers  who  understand  what  is  termed  "  driTing,"  I  hope  to  he  ahle 
soon  to  find  something  of  a  heavier  nature  than  what  has  yet  heen 
washed. 

One  good  nugget  of  pure  gold  being  found  would  soon  bring  back 
to  the  place  those  who  have  left  it;  and,  the  concurrent  opinion  of 
CaHfornian  and  Australian  diggers  being  that  the  gold  is  plentiful 
here,  could  the  bed-rock  be  reached,  I  have  hopes  wat  by  adoptbig 
the  plan  of  driving  on  the  hill-sides  along  the  surface,  instead  of 
sinking  deep  shafts,  the  water  will  not  be  found  so  much  an  impedi- 
ment, and  the  work  successftdly  carried  on  in  all  seasons.  The  pro- 
spectors who  are  now  here  acouiesce  in  the  opinion,  and  are  prqMired 
to  commence  tunnelling  into  tne  hill  immediately. 

I  am,  &c., 

Charles  Heaplet. 

Coromaodel,  May  24th,  1853. 

[From  Mr.  Swainson's  *  notice  of  the  Coromandel  gold  district,  it 
appears  that  the  granite  of  the  Dividing  Range  is  flanked  by  vertical 
schists,  and  the  range  is  skirted  by  conglomerates ;  that  volcanic 
rocks  abound,  the  whole  district  having  been  disturbed  by  trappean 
intrusions,  and  the  basalts  sometimes  capping  hills  that  rival  the 
granitic  peaks ;  that  quartz-dykes  are  reported  to  exbt ;  that  the 
clayey  banks  of  the  Kapanga  Biver  are  auriferous,  as  well  as  its 
sravelly  bed,  the  lowest  parts  of  the  deposits  being  the  richest ;  and 
tnat  the  auriferous  detritus  contains  quartz-blocks  and  fragments  of 
granite,  slate,  and  trap-rock. — Ed.  Q.  J.] 


5.  On  the  Geological  Formation  and  the  Gtold-bsaring 
Rocks  of  the  Colony  of  Victoria.  By  Evan  Hopkins, 
Esq.,  F.G.S. 

[Abstrwt.] 

(This  communicttioii  has  been  published  in  fall  in  a  pamphlet,  entitled  *'  On  Uie 
Geology  of  the  Gold-bearing  Rocks  of  the  Worid,  and  the  Gold-fields  of  Vic- 
toria.'^   Mdboome,  1853,  Sto.    With  four  Lithograph  Plates  of  Sections.) 

With  this  communication,  the  author  laid  before  the  Society,  and 
explained,  a  ^logical  section  of  this  south-eastern  portion  of  Au- 
stralia, extending  from  the  Glenelg  Biver,  on  the  west,  to  beyond 
Mount  Kosciusko,  in  the  Australian  Alps,  on  the  east.  This  section 
exhibited  the  structure  of  this  renon  as  formed  of  great  parallel  bands 
of  schistose  and  granitic  rocks,  having  a  north  and  south  bearing 
and  a  vertical  position.  Along  the  line  of  section  first  appear  the 
limestone-beds  of  the  Glenelg  valley,  resting  on  the  foot  of  Mount 
William,  in  the  Grampians,  which  consists  of  granite,  capped  by 
sandstone  formed  of  the  reconsoUdated  decomposed  granite.     Mount 


*  Swainson's  New  Zealand,  8vo,  p.  91. 
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Cole,  in  the  Pyrenees,  next  in  order,  consists  of  homblendic  schists. 
The  Valley  of  the  Loiddon  and  Forest  Creek  are  on  the  edges  of  the 
great  gold  band  of  argillaceous  schists,  interlaminated  with  auriferous 
quartz.  These  schists  constitute  the  author's  "ereat  auriferous  band," 
extending  north  and  south,  from  the  south  of  Ballarat  to  the  north 
of  Bendigo  and  Korong.  The  granite  of  Mount  Alexander  succeeds ; 
then  the  auriferous  argillaceous  band  of  the  Campaspe  Valley  and 
the  M'lvor.  This  is  the  '*  M'lvor  auriferous  band."  Granite,  then 
the  **  Goulbum  auriferous  band,"  the  granite  of  Violet  Town,  and 
the  "  Ovens  River  auriferous  band,"  succeed  in  order  to  the  east- 
ward, and  then  the  great  granitic  bands  of  the  Australian  Alps,  oc- 
casionally interlaminated  with  clav-slate,  &c.  The  eastern  flimks  of 
the  Alps  are  covered  by  thick  se<&mentary  beds  of  sandstone,  with 
thin  seams  of  coal,  being  the  carboniferous  formation  of  New  South 
Wales. 

The  auriferous  deposits  were  shown  to  be  derived  by  decomposition 
from  the  edges  of  the  auriferous  slates  and  quartz-rock,  and  to  exist 
under  various  conditions  of  depth  and  material,  according  to  the 
conformation  of  the  surface  and  the  bearing  and  structure  of  the 
gold-bearing  rocks.  The  richest  diggings  occur  along  the  north  and 
south  extension  of  the  gold-bands,  llie  difference  between  gold- 
diggings  in  the  debris  in  situ,  and  in  the  debris  that  has  been  trans- 
ported by  streams,  and  so  rendered  alluvial,  was  also  noticed. 


March  22,  1854. 

Frederick  J.  Bigg,  Esq.,  Samuel  Minton,  Eso.,  Edward  O'Riley, 
Esq.,  and  Samuel  H.  Beckles,  Esq.,  were  elected  Fellows. 

The  following  communications  were  read : — 

1.  On  the  Gmoi.oQY  of  some  parts  of  Mabeira,   By  Sir  Charles 
Lyell,  F.R.S.,  F.G.S. 

[Extncted  from  Letters  to  L.  Homer,  Esq.,  P.G.S.] 

During  a  stay  of  two  months  in  Madeira,  Sir  C.  Lyell  had  an 
opportunity  of  examining  a  considerable  portion  of  the  island,  and 
extracts  from  his  letters  to  Mr.  L.  Homer,  read  at  this  evening's 
meeting,  contained  observations  on  the  geological  structure  of 
Madeira  and  the  neighbouring  islands  of  Porto  Simto  and  Baxo.  In 
nearly  all  his  excursions.  Sir  Charles  was  favoured  by  the  company 
of  Mr.  Hartung,  a  German  naturalist  resident  at  Funchal,  who 
proved  a  most  active  fellow-labourer. 

Sir  Charles  agrees  with  Mr.  Smith,  of  Jordan-hill,  in  attributing  a 
snbaifrial  origin  to  the  great  mass  of  the  volcanic  rocks  of  Madeira. 
Some  of  the  earlier  igneous  formations  were  submarine,  and  are  asso- 
ciated at  San  Yincente,  in  the  northern  part  of  the  island,  with  deposits 
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containing  corals  and  sea-shells.    These  marine  strata  are  elevated  al 
least  1200  feet  aboTc  the  sea. 

A  long  and  complicated  series  of  Tolcanic  eraptioDs,  for  the  most 
part  subsequent  in  date  to  the  above,  and  which  took  place  in  the 

nair,  built  up  the  island.  Thej  have  given  rise  to  a  mountain- 
about  thirty  miles  in  length,  running  east  and  west.  This  diain 
in  its  middle  and  loftiest  portion  rises  to  the  height  of  5000,  and  in 
some  peaks  to  more  than  6000  feet.  Its  composition  is  dis^^md  in 
the  precipitous  sides  of  valleys  more  than  3000  feet  deep,  and  is  seen 
to  consist  entirely  of  scorise,  lapilli,  breccias  with  angular  fragments 
of  volcanic  rocks,  tuff,  scoriaceous  kva,  and  some  beds  of  solid  lava ; 
the  whole  being  traversed  bv  dikes.  None  of  the  fragments  of  stone 
in  the  breccias  of  the  central  region  have  been  rounded  by  water,  and 
no  marine  remains  have  been  found  in  them ;  hence  Sir  Charles  infers 
that,  had  there  never  been  any  upheaval,  Madeira  would  have  acouired 
a  height  of  between  4000  and  5000  feet  by  the  simple  reiteration  of 
volcanic  eruptions  above  the  sea-level,  or  by  the  heaping  up  of  ejected 
materials,  which  have  been  fissured,  and  injected  by  lava  in  the  form 
of  dikes.  Large  portions  of  these  mountains,  constituting  the  axis  of 
the  island,  are  amorphous  and  unstratified ;  but  a  series  of  basaltic 
lavas,  separated  by  tufaceous  partings  (many  of  which  have  pro- 
bably been  ancient  soils),  are  seen  to  dip  away  in  all  direc^ns 
from  the  central  axis,  chiefly  towards  the  north  and  south,  where 
the  island  is  only  twelve  nules  in  diameter,  but  also  towards  the 
east  and  west,  where  the  chain  is  highest  and  most  dome-shaped* 
Under  a  thickness  of  about  1200  feet  of  these  lavas,  ^  Charies 
Lyell  and  Mr.  Hartung  discovered,  in  the  ravine  of  San  Jorge,  a 
leaf-bed,  or  argillaceous  layer  full  of  fossil  leaves,  both  of  Ferns  and 
dicotyledonous  plants. 

These  remains  show  that  the  island  was  clad  with  a  v^etation 
analogous  in  many  points  to  that  now  existing,  long  before  a  consider- 
able part  of  the  volcanic  eruptions  had  occurred ;  confirming  the 
opinion  derived  from  the  mechanical  structure  of  the  rocks,  that 
the  eruptions  were  supra-marine.  The  plants,  according  to  Mr.  Charles 
J.  F.  Bunbury,  who  visited  Madeira  with  Sir  C.  Lyell,  consist  of 
Ferns  of  the  genera  Sphenopteris,  Adiantum  ?,  Pecopteris,  JFood- 
wardia,  and  others,  one  of  them  having  the  peculiar  venation  of 
Woodwardia  radicansy  a  species  now  common  m  Madeira.  There 
are  also  a  profusion  of  dicotyledonous  leaves,  some  apparently  of  the 
Myrtle  family,  the  larger  proportion  of  them  having  their  surfaces 
smooth  and  unwrinkled,  witn  a  somewhat  rigid  and  coriaceous  texture, 
and  with  undivided  or  entire  margins.  ''  These  characters,"  observes 
Mr.  Bunbury,  ''belong  to  the  Laurel-type,  and  indicate  a  certain 
analogy  between  the  ancient  vegetable  remains  and  the  modem 
forests  of  Madeira.  In  these  last.  Laurels  and  other  evergreens 
abound,  with  glossy  coriaceous  and  entire-edsed  leaves,  while  helow 
them  there  is  an  undergrowth  of  Ferns  and  other  plants." 

The  lavas  and  tuffs,  which  dip  away  from  the  central  axis,  increase 
in  thickness  as  they  recede  from  it,  and  become  less  and  less  inter- 
sected by  dikes'.   Near  the  axis  they  are  usually  but  slightly  inclined. 
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or  (mly  al  aiig^et  of  3^  to  T^y  whereas  at  a  distaaee  of  two  or  three  niilesy 
thej  become  more  tilted,  being  inclined  at  angles  of  10°,  13%  and 
eren  sometimes  20^.  When  steepest,  thej  sometimes  dip  inwards, 
bat  rarely,  the  inclination  being  usually  away  from  the  axis.  Sir 
Charles  infers  that  all  these  layas  issued  originally  from  vents,  situated 
in  what  is  now  the  central  and  usually  the  highest  part  of  Madeira. 
They  formed,  together  with  the  cones  of  eruption,  a  flattened  dome, 
haling  a  slope  Tarying  from  3°  to  7^  or  8°.  They  acquired  their 
present  stepper  indini^on  during  the  conyulsions  att^iding  later 
eruptions.  He  agrees,  therefore,  so  far  with  the  Erhehung  theory 
of  Von  Buch,  as  to  admit  an  expansive  movement  operating  with  its 
greatest  intensity  along  the  central  axis ;  but  he  supposes  this  move- 
ment not  to  have  been  confined  to  one  period.  On  the  contrary, 
Madeira  affords  evidence  in  several  regions  of  great  dislocation  of  the 
rocks  havingbeen  accomplished  before  other  lavas  and  tuffs  were  in 
existence.  Thus  the  Picos  or  Cones  of  Funchal  and  Camara  de 
Lobos,  with  their  nearly  horizontal  lavas  and  tuffs,  about  800  feet 
thick,  cover  unconformably  the  older  volcanic  rocks  of  Cape  Griram. 
The  newest  member  of  these  last  consists  of  alternating  lavas  and 
scoriae,  which  are  tilted  at  an  ande  of  30^  and  32^,  and  are  overlaid 
by  the  Funchal  series  just  alludMl  to. 

Near  Porto  da  Cruz  alsc^a  great  series  of  slightly  inclined  trachvtes 
and  tuffi  are  newer  than  the  central  cones  of  eruption  with  tlieir 
steely-inclined  basalts  and  t«ffii,  these  last  having  been  tilted,  and 
havmg  had  deep  valleys  eroded  in  them,  before  the  trachytic  outpour- 
ings took  place.  Other  facts  are  then  adduced  to  prove  that  different 
parts  of  Madeira  have  been  formed  in  succession,  and  a  suggestion  is 
thrown  out,  that  the  movements  accompanying  eruptions  extend  over 
a  much  wider  area  than  the  superficiiu  ejectamenta  and  lavas ;  also 
that  the  subterranean  imection  of  fissures  occurs  over  a  wider  space 
below  than  the  effects  of  eruptions  above  ground.  If  so,  each  series 
of  lavas  will  most  commonly  be  rent,  tilted,  and  sometimes  injected 
during  convulsions  accompanying  the  formation  of  newer  and  neigh- 
bouring vents  and  craters ;  so  that  those  lavas  alone  winch  proceed 
from  the  most  modem  rents  will  remain  whoUy  undisturbed  so  as  to 
retain  their  original  position. 

Sir  Charles  remarlcs  that  the  lavas  of  Madeira,  whether  vesicular 
or  compact,  do  not  constitute  continuous  sheets  parallel  to  each 
other.  When  viewed  in  the  sea-clifb  in  sections  transverse  to  the 
direction  in  which  they  flowed,  they  vanr  greatly  in  thickness,  even 
if  followed  for  a  few  hundred  ieei  or  yanu,  and  the^  usually  thin  out 
entirely  in  less  than  a  quarter  of  a  mile.  In  the  ravmes  which  radiate 
from  ue  centre  of  the  island,  the  basaltic  beds  are  more  persistent, 
but  even  here  they  usually  are  seen  to  terminate,  if  followeo  for  a  few 
miles ;  their  thickness  also  being  in  some  cases  ver^  variable.  Occa- 
sionally cones  of  scorise^  made  up  of  ejectamenta,  mclined  at  20^  or 
30^,  are  surrounded  and  buried  by  the  lavas  proceeding  from  the 
central  axis. 

The  general  absence  of  water-worn  pebbles  in  the  tufib  underlying 
the  Madeira  lavas  is  very  striking,  and  contrasts  with  the  frequent 
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occurrence  ofgravel-beds  under  laTa-cnrrents  in  AuTergne  and  dae- 
where.  Sir  Charles  supposes  that  on  the  flanks  of  A&leira,  as  on 
the  slopes  of  Etna,  or  Mount  Loa  in  the  Sandwich  Islands,  there 
were  no  rivers.  At  Porto  da  Cruz,  however,  there  are  well-woni 
pehhles  in  some  comparatively  modem  tuffs,  covered  hj  trachyte ; 
and  there  are  also  some  partially  rounded  stones  in  alluvial  txdh,  of 
relatively  modem  date,  at  Camara  de  Lohos  near  Funchal.  Tet 
neither  here  nor  elsewhere  in  the  island  do  the  lavas  overlying  alhi- 
vium  follow  the  windings  of  existing  valleys,  as  in  Auvergne.  Hie 
Cnrnd  and  other  deep  valleys  are  ascribed  to  aqueous  erosion,  chiefly 
fluviatile,  assisted  by  subterranean  movements. 

In  one  of  the  letters  the  sea-cUff  section  of  Cape  Giram,  1600  feet 
high,  was  described.  Several  hundred  dikes  are  there  seen,  intersect- 
ing scoriae,  tuff,  and  lava.  In  another  letter  the  volcanic  cone  of 
Piedade,  near  Cani9al,  is  spoken  of.  Its  stmcture  has  been  exposed 
by  encroachments  of  the  sea  on  the  coast  near  the  eastern  extremity 
of  the  island.  Near  Cani9al  also,  and  in  Porto  Santo,  thirty-five  miles 
N.£.  of  Madeira,  ancient  sand-dunes  occur,  containing  fossil  land- 
shells,  chiefly  of  living,  but  in  part  of  extinct  species. 

The  rocks  of  Porto  Santo  are  both  basaltic  and  trachytic.  Those 
of  the  little  island  of  Baxo,  south  of  Porto  Santo,  are  of  submarine 
volcanic  origin,  covered  by  supra-marine  lavas.  In  the  tuffs  of  the 
older  series,  corals  and  shells  abound,  and  water-wom  pebbles,  such 
as  may  have  been  formed  on  a  sea-beach ;  and  these  are  cemented 
together  by  carbonate  of  lime  in  the  same  conglomerate  with  the 
organic  remains.  * 


2.  On  Yedmandale,  aa  illustrating  the  Excavation  of  mme 
Valleys  tit  the  Eastern  Part  of  Yorkshire.  By  H.  C. 
SoRBY,  Esq.,  F.G.S. 

The  Tabular  Hills  of  the  Eastem  Moorlands  of  Yorkshire  in  thdr 
eastern  part,  that  now  under  consideration,  are  very  flat-topped; 
gradually  rising  from  the  vale  of  Pickering,  on  the  south,  where  the 
elevation  above  the  sea  is  about  100  feet,  and  attaining  a  height  of 
about  600  feet  at  the  escarpment  six  miles  north  of  this,  overlookmg 
Harewood  dale.  The  surrace  rock  of  the  southem  part  is  coralline 
oolite,  which,  however,  has  been  removed  from  the  northern  part, 
where  the  calcareous  grit  is  laid  bare.  Numerous  ravine-like  vaUeys, 
whose  sides  are  inclined  at  an  Bi^le  of  about  30^  have  been  excavated 
in  them,  chiefly  trending  N.N.W. ;  but  some  are  at  right  angles  to  that 
direction,  being  respectively  nearly  in  the  lines  of  the  dip  and  strike 
,of  the  beds,  idiich,  on  the  whole,  lie  nearly  parallel*  to  the  sur&ce. 
Many  of  these  have  been  much  modified  by  the  streams  now  mniung 
in  them,  and  present  such  appearances  as  might  lead  one  at  first  to 
conclude  that  they  had  been  altogether  excavated  by  their  action ; 
and,  indeed,  there  is  nothing  in  tneir  structure  to  prove  decidedly 
that  such  was  or  was  not  the  case.  The  peculiarity  of  Yedmandale 
however,  is,  that  there  appears  never  to  have  been  any  brook  or 
stream  of  modem  drainage  in  its  upper  eastem  branch,  and  that  it  is 
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now  in  yery  nearly  the  same  state  as  when  first  it  emerged  from 
those  conditions  of  submersion  which  denuded  the  district.  It  is 
■itoated  about  four  miles  west  of  Scarborough.  The  lower  end 
opens  mto  the  yale  of  Pickering  at  Ayton,  and  it  trends  to  the  north- 
north-west  for  about  two  miles.  In  connexion  with  the  great  pro- 
blems of  denudation,  formation  of  valleys,  and  superficial  deposits, 
it  presents  a  number  of  facts  of  such  importance  in  rorming  a  correct 
theory  for  this  district,  that  I  shall  describe  them  with  some  degree 
of  minuteness. 

At  the  lower  end  of  the  valley  the  sides  are  mdined  at  an  angle 
of  about  30^ ;  and  it  may  be  seen  that  there  it  has  been  cut  out  of 
the  sand  and  eravel  with  erratic  pebbles  found  in  the  vale  of  Picker- 
ing. Here  the  bottom  of  the  valley  is  flat,  and  about  fifty  yards 
broad ;  and  there  is  no  indication  of  a  brook  having  ever  run  in  it. 
Passing  upwards,  however,  we  come  to  two  ravines,  trending  north, 
and  down  them  come  streams,  which,  when  arriving  at  the  main 
valley,  form  an  excavated  course  in  its  flat  bottom,  gradually  vanish- 
ing, the  water  obviously  passing  away  through  the  coarse  detritus  of 
which  it  is  composed.  Above  tiiese  ravines  the  flat  tract  is  again 
entire  for  some  distance,  until  we  arrive  at  another  brook,  which  also 
vanishes  in  a  similar  manner. 

Higher  up,  however,  this  brook  has  cut  away  and  removed  the 
whole  of  the  detritus  from  the  bottom  of  the  valley,  and  there  its 
sides  are  inclined  at  an  angle  of  30°  from  the  top  to  the  bottom,  as 
shown  on  the  plan  (fig.  1),  where  it  is  marked  See,  1,  and  by  fig.  2, 
Sect,  1,  where  the  upper  dotted  line  indicates  the  original  surface 
before  the  valley  was  excavated,  and  the  lower,  the  prooable  extent 
of  the  detritus  in  it,  before  it  was  removed  by  the  action  of  the 
brook.  Farther  up  the  valley,  the  brook  has  not  washed  away  the 
whole  of  the  detritus,  but  has  formed  in  it  a  small  ravine  and  little 
flat  alluvial  tracts,  as  iQiown  on  the  plan.  Sect.  2,  fig.  3,  exhibits  the 
configuration  in  this  part,  where  the  results  of  the  operation  of  the 
modem  brook,  and  that  of  the  agent  that  excavated  the  valley,  are 
shown  by  the  lower  and  upper  dotted  lines. 

Here  the  nature  of  the  detritus  at  the  bottom  of  the  valley  is  well 
seen.  It  is  composed  of  boulders  and  pebbles,  of  a  size  varying  up 
to  several  feet  in  diameter,  which  are  but  slightly  rounded  or  worn ; 
and,  in  some  parts,  have  been  cemented  together  by  the  infiltration 
of  calcareous  water.  Though  manv  thousands  are  exposed,  and 
thoi]A;h  I  examined  them  very  carefully,  I  did  not  find  one  that  could 
not  have  been  derived  from  the  immediate  vicinity  northwards, 
being  all  composed  of  harder  and  softer  calcareous  grit ;  and  I  did 
not  see  any  of  coralline  oolite,  though  it  occurs  in  eitu  only  a  short 
distance  to  the  south. 

The  brook  just  mentioned  comes  down  the  western  arm  of  the 
valley,  as  shown  on  the  plan,  and  has  removed  from  it  all  the  detritus 
that  probably  extended  up  it ;  and,  for  the  whole  of  its  length,  which 
is  about  a  mile,  the  section  is  similar  to  Sect.  1,  the  ravine  becoming 
less  and  less.  It  is,  however,  the  eastern  branch  that  claims  the 
most  particular  attention.  Its  form  will  be  best  understood  from  the 
plan.     Except  just  at  the  upper  end,  the  sides  are  inclined  at  an 
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angle  of  about  30^,  and 
at  the  bottom  is  a  small, 
somewhat  midiilated 
tract,  composed  of  the 
coarsedetritus,  asshown 
in  Sect,  3.  As  will  be 
seen  on  the  plan,  this 
has  been  accomnlated 
in  the  fonn  of  a  delta 
at  the  top,  at  6,  and  also 
at  Oj  where  the  ravine 
joins  the  yalley,  though 
a  great  part  has  been 
removed  by  the  action 
of  the  brook  that  runs 
down  it ;  whence  it 
would  appear  that  this 
coarse  detritus  was 
brou^tinto  the  vallej 
down  that  ravine,  and 
from  the  part  north  of 
the  upper  eastern  end. 
This  IS  in  the  form  of 
an  amphitheatre,  the 
inclination  in  the  centre 
being  about  14^,  pass- 
ing quickly  on  each  side 
to  30"".  Above  it  is 
another  small  valley,  at 
a  level  of  about  70  feet 
higher,  whose  sides  are 
inclined  at  30^  and 
with  a  flat  tract  at  the 
bottom,  as  shown  od 
the  plan  and  by  Sect,  4, 
which,  however,!  think, 
is  not  due  to  deposit  at 
the  bottom,  but  denu- 
dation down  to  a  uni- 
form plane  of  bedding 
of  the  rock.  At  the 
upper  end  of  this  is  a 
very  curious  absolute 
depression,  as  shown  at 
d,  down  to  which  the 
sides  of  the  valley  pass, 
whilst  north  of  it  they 
gradually  opoi  out  into 
a  wider  denression,  pass- 
ing into  the  general  denuded  top  of  the  hills,  as  shown  on  tne  plan,  ^.  1 . 
Still  farther  north  of  this  is  the  steep  escarpment  of  the  large  and  deep 
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valley  of  the  Derwent,  a  portion  of  which  is  seen  at  g^  and  the  bottom 
of  which  is  from  200  to  300  feet  lower  than  that  of  Yedmandale. 

F^g.  6  is  a  section  in  the  line  of  the  centre  of  the  upper  part  of  the 
valley,  the  letters  on  it  corresponding  to  those  on  the  plan,  fig.  I ;  and 

Fig.  2.  Sect,  1. 


Rg.S. 
Sect.%, 


SeSt,  3. 

S&'i. 

■■HHHi 

Flg.0 


Longitudinal  section. 

the  dotted  Une  shows  the  original  level  of  the  surface  previous  to  ex- 
cavation. At  ^  « is  the  steep  upper  part  of  the  valley  of  the  Derwent ; 
from  e  to  d  the  inclination  is  small,  but  greater  than  the  dip  of  the 
beds ;  Aid  IB  the  above-mentioned  absolute  depression,  the  north  side 
being  higher  than  the  south ;  from  cf  to  c  is  the  flat  bottom  of  the 
higher  valley,  coinciding  with  the  plane  of  bedding ;  and  from  c  to 
6  18  the  slope  of  the  centre  of  the  top  of  the  lower ;  at  the  bottom  of 
which,  at  b,  is  the  deltoid  accumulation  of  detritus. 

Though  there  are  numerous  remains  of  ancient  military  works  in 
the  vicinity,  yet  the  peculiarities  I  have  described  are  so  connected 
together,  and  of  such  a  kind  as  cannot  be  other  than  natural. 

Throughout  the  whole  of  this  upper  eastern  branch  of  the  valley 
there  is  no  trace  whatever  of  any  brook-course.  Why  this  is  so,  can 
easily  be  understood.  The  level  of  the  valley  of  the  Derwent  being  so 
much  lower ;  there  being  so  small  a  tract  to  drain ;  the  dip  of  the  rocks 
also  having  a  tendency  to  carry  the  water  into  the  ravines  in  which 
there  are  brooks,  a^  previously  described  ;  and  the  coarse  nature  of  the 
detritus  at  the  bottom  of  the  valley,  easily  account  for  there  being  no 
stream  of  modem  drainage  in  it.  As  mentioned  above,  the  consider- 
able streams  which  do  enter  the  valley  soon  disappear  amongst  the 
detritus,  and,  therefore,  one  cannot  be  surprised  that  the  small  quan- 
tity of  water  that  must  enter  this  branch  of  it  should  dbappear. 

Digitized  by  VjOOQIC 


332  PROCEEDINGS  OF  THE  GEOLOGICAI.  SOCIETY.     [Mardl  22, 

without  fonning  any  surface-course  whateyer.  Supposiiig  that  a 
stream  was  to  run  from  e  towards  6,  there  cannot  oe  anj  doubt 
that  it  would  cut  a  ravine  course,  would  fill  up  the  depression  at  4 
and,  in  passine  down  the  steep  slope  from  c  to  6,  would  sochi  cot 
deeply  mto  uie  part  at  c,  and,  in  no  long  period,  produce  an 
eyenly-inclined  channel  for  the  whole  of  the  distance.  There  is,  how- 
ever, not  the  least  trace  of  such  an  action  having  ever  ocoirred. 
The  sides  of  the  lower  valley  pass  gradually  round  at  the  upper  end, 
without  any  such  irregularity ;  and,  I  think,  no  one  examinmg  the 
valley  itself  could  come  to  any  other  conclusion,  than  that  it  had 
been  excavated  by  the  same  agent  which  denuded  the  district,  and 
cut  away  the  whole  mass  of  the  Tabular  Hills  to  the  north  and  east 
of  their  main  escarpment. 

Now,  if  a  brook  had  run  down  this  part  of  the  valley,  formed  a 
gradually-sloping  channel,  and  reduced  it  to  the  same  state  as  that 
where  one  does  run ;  if  it  had  removed  the  whole  of  the  detritus, 
and  given  the  valley  the  form  of  Stct,  1,  fig.  2,  there  would  have  been 
no  certain  evidence  whatever  to  indicate  or  prove  that  the  whole  had 
not  been  excavated  by  it.  As  it  is,  however,  we  must  conclude  that 
nearly  the  whole  was  due  to  a  cause  acting  before  there  was  any  such 
surface-drainage,  and  that  the  brook  has  merely  cut  away  some  of 
the  detritus  left  in  the  valley,  which  had  not  been  entirely  removed 
by  the  denuding  agent.  Though  I  am  far  from  inferring  that  such 
has  always  be^  the  case,  for  each  particular  district  ought  to  be 
judged  of  from  the  facts  there  seen,  and  not  by  any  a  priori  reason- 
mg,  yet  I  cannot  but  observe  that  we  are  thus  led  to  form  this  ctm- 
clusion  for  valleys  whose  form  is  very  much  more  than  ordinarily  in 
accordance  with  what  would  be  due  to  the  long-continued  action  of 
such  streams.  I  might  easily  fortify  this  deduction  by  reference  to 
the  phaenomena  observed  in  other  valleys  in  the  neighbourhood,  but 
will  not,  for  fear  of  bein^  tedious. 

If,  then,  these  valleys  m  the  Tabular  Hills  were  excavated  by  the 
same  cause  that  denuded  the  district,  it  will  be  well  to  examine  the 
facts  that  may  lead  to  a  satisfactory  conclusion,  with  respect  to  what 
that  agent  was.  As  previously  mentioned,  the  general  line  of  these 
valleys,  in  the  part  under  consideration,  is  north-north-west,  being 
nearly  in  the  line  of  dip ;  there  being  others  of  a  different  character 
at  right  angles  to  that  direction.  Though,  in  the  case  of  Yedman- 
dale,  there  is  no  very  decided  evidence  of  any  considerable  fault,  yet 
I  think  there  is  good  reason  to  beUeve  that  it  and  the  other  valleys 
are  along  the  lines  of  this  or  some  other  structural  weakness. 

The  deltoid  accumulations  of  detritus  in  Yedmandale,  and  the 
nature  of  the  rock  of  which  it  is  composed,  clearly  indicate  that  it 
was  deposited  by  a  current  from  the  north-north-east.  If  these 
valleys  were  excavated  by  the  denuding  agent,  we  must  suppose  that 
the  whole  surface  was  submerged.  If  so,  the  above  fact  would  prove 
that  there  then  was  a  considerable  current  from  the  north-north-east. 
Supposing  that  a  fault  extended  up  the  valley,  becoming  small  or 
ending  in  the  top  eastern  branch,  and  that  there  was  such  a  strong 
north-north-east  current,  we  must  conclude  that  it  cut  away  the 
rock  on  each  side  of  the  fault,  and  gave  rise  to  a  ravine-shaped 
valley,  carrying  away  the   detritus  to  the  south  into  the  vale  of 
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Pickering.  The  configuration  of  the  parts  about  e  shows  that  the 
top  bed  has  been  partly  removed,  and  a  small  outlier  left  at/. 
From  cf  to  c  a  narrower  valley  was  cut  down  to  a  uniform  plane 
of  bedding,  somewhat  lower  than  north  of  d.  The  absolute  de- 
pression at  d  may  be  explained  by  supposing  that,  in  this  change 
of  level  of  the  bottom,  an  eddy  was  formed,  as  would  indeed  almost 
necessarily  be  the  case ;  and  the  much  deeper  and  larger  amphi- 
theatre, at  and  below  c,  was  probably  due  to  a  similar  cause. 
Though  the  mean  direction  of  the  valley  below  this  is  straight,  yet 
it  is  curved  considerably ;  but  the  curves  are  all  situated  m  parts 
where,  on  this  supposition,  the  currents  from  lateral  ravines  would 
have  given  rise  to  them.  After  the  valley  was  excavated,  it  would 
appear  that  the  current  became  less,  so  that  some  of  the  detritus 
removed  from  the  upper  parts  could  be  accumulated  in  the  valley, 
when  the  chief  part  of  it  would  be  deposited,  in  a  deltoid  form,  in  the 
maimer  and  in  the  places  where  it  is  now  found. 

The  north-north-west  line  of  current  is  very  similar  to  what  must 
have  occurred  during  the  deposition  of  the  northern  drift  of  the 
neighbourhood ;  and  there  are  some  reasons  for  believing  them  to 
be  related  to  one  another.  A  few  small  erratic  boulders  and  pebbles 
are  found  on  the  higher  parts  of  the  hills,  but  no  great  deposit  of 
drift,  which  attains  its  maximum  on  the  low  lands  towards  the  sea- 
coast.  In  those  valleys  that  are  protected  from  the  north,  no 
erratics  are  found,  except  just  at  their  lower  ends ;  but  they  have 
been  drifted  into  those  opening  towards  it.  This  would  then  lead 
OS  to  infer  that  these  valleys  existed  at  the  period  of  the  Drift. 
However,  as  already  mentioned,  their  lower  ends  have  been  exca- 
vated in  drift  in  such  a  manner  as  to  show  that  some  currents  did 
pass  down  them  afterwards,  so  that  the  surface  of  the  sides  and 
lM>ttom  of  the  valley  was  rendered  uniform  and  continuous  with  the 
parts  where  none  was  deposited.  If  such  then  be  the  case,  it 
should  appear  that  both  previous  to  and  after  the  deposition  of  the 
drift,  noitnem  currents  passed  over  the  district.  In  my  paper  on 
the  contortions  in  the  (hift  of  the  Yorkshire  coast  (Report  of  the 
Geol.  and  Polyt.  Soc.  of  the  W.  R.  of  Yorkshire  for  1851,  p.  220), 
I  have  shown  what  I  consider  to  be  evidence  of  icebergs  having 
been  present  during  the  whole  period  of  the  Drift,  as  well  as  northern 
currents ;  yet  not  of  great  intensity,  or  else  one  can  scarcely  suppose 
that  such  deposits  as  it  consists  of  could  have  been  accumulated. 
Perhaps,  therefore,  on  the  whole,  the  general  phaenomena  of  this 
locaH^  may  be  best  explained  by  supposing  that  at  first  very  con- 
siderable currents,  prooably  due  to  movements  of  elevation,  pro- 
ceeded from  some  point  near  to  north-north-west,  a  direction  well 
agreeing  with  what  would  be  produced  by  such  as  have  really  oc- 
curred ;  that  these  denuded  the  district  and  excavated  valleys  along 
lines  of  weakness ;  that  afterwards  the  northern  drift  was  accumu- 
lated, currents  being  present  that  moved  in  much  the  same  direction, 
but  with  very  much  less  intensity,  and  which  subsequently,  to  a 
certain  extent,  denuded  and  cut  valleys  in  this  drift.  The  whole  was 
then  elevated,  and  the  sea,  actmg  at  various  levels,  somewhat  modified 
the  surface ;  and  streams  of  modem  drainage,  being  ultimately  formed, 
filled  up  some  of  the  ori^al  small  lakes,  and  somewhat  altered  the 
configuration  of  the  previously  existing  valleys. 
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3.  On  Remains  o/^Fish  tn  Flints.    By  Capt.  Henry 
Alexander,  Royal  Staff  Corps. 

[In  a  letter  to  the  Secretary  of  the  Geolog;ical  Sodetj.] 

In  the  year  1850,  being  in  Swaffham,  my  friend  Mr.  Rose  first  called 
my  attention  to  the  existence  of  fish-scsles  in  flint.  A  litho|;raphic 
plate  of  scales,  &c.  was  afterwards  presented  to  me,  which  I  found 
to  be  correctly  figured.  This  plate  appears  in  the  Annals  of  Natnxal 
History  (No.  ix.  1838) ;  and  is  one  of  two  plates  illastratiiiff  a 
paper  ''  On  some  new  Organic  Remains  in  the  Flint  of  Chalk," 
oy  the  Rey.  J.  B.  Reade,  F.R.S.  At  this  period  I  was  residing 
at  Diss  in  Norfolk,  and  understood  that  only  solitary  scales,  teeth, 
and  fragments  of  bone  had  been  discoyered.  Having  mentiimed 
the  circumstance  to  a  friend,  Mr.  Amyot,  also  of  tluit  town,  we 
commenced  to  examme  very  perseyerinely  the  flints  of  that  nd^ 
bourhood,  more  particularly  those  ooUected  from  the  fields  and 
placed  in  heaps  by  the  sides  of  the  roads.  Manjr  hundreds  of  these 
flint-stones  we  broke,  and  at  a  rough  calculation  I  consider  that 
about  one  in  forty  or  fifty  yielded  fragments  of  fish,  from  one  inch  to 
four,  fiye,  and  six  in  lei^2;th.  These  fragments  consist  of  scales 
(cydoid  and  ctenoid),  teem,  fragments  of  the  head,  yertebrse,  fins, 
one  tail,  and  yarious  bones.  I  haye  found  no  specimen  in  whidi  die 
head  or  eyen  a  portion  of  it  has  remained  attached  to  the  yertebral 
column. 

The  tail  aboye-mentioned  is  small,  but  perfect  (homocercal),  about 
an  inch  in  length.  I  haye  also  found  the  right  lower  jaw  of  a  fish  or 
reptile;  adrawing  of  which,  of  the  natural  sise,  I  endose.  ^ofessor 
Owen  inclines  to  consider  it  as  belonging  to  a  fish. 

This  letter  aooomnanies  a  few  specimens  of  the  remains  of  fishes 
in  flint,  which  are  tor  the  acceptance  of  the  Geological  Sodety,  '^ 
considered  worthy  of  its  notice. 

The  flints  in  which  I  haye  found  the  best  of  my  spedmens  require 
but  a  slight  blow  to  break  them.  Whether  this  is  owins  to  their 
long  exposure  to  the  atmosphere,  or  that  the  flints  of  me  Upper 
Chuk,  to  which  I  presume  these  belong,  are  more  eadly  fissured,  or 
from  their  haying  been  broken  up  from  their  original  bed,  rolled  here 
and  there,  striking  each  other,  and  recdying  numerous  fractures 
imperceptible  to  the  naked  eye,  or  from  whatever  cause,  they  most 
certainly  (the  best  of  them  for  producing  specimens)  break  the  easiest, 
and  yery  often  in  the  direction  of  the  enclosed  substance,  which, 
howeyer,  would  be  the  case,  if  the  hammer  fell  in  the  right  directioi^ 
and  when  that  is  the  case,  it  is  a  fortunate  circumstance  for  the  dispby 
of  the  endosed  remains.  The  spedmens  require  some  little  patience 
in  their  examination ;  the  eye,  in  fact,  requires  a  little  tutoring  before 
the  many  different  objects  in  a  good  specimen  are  whoUy  displayed 
to  the  sight.  I  possess  some  specimens  that  haye  taken  me  many 
weeks  before  I  haye  discoyered  mat  they  contain  minute  teeth,  smaU 
but  perfect  yertebrae,  scales  of  yarious  forms  and  sixes,  and  some 
with  the  lubricating  tubes,  &c. 

Iptwich,  Suffolk,  Feb.  24th,  1854. 
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I.    TRANSACTIONS  AND  JOURNALS. 
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American  Academy  of  Arts  and  Sciences.    Mettoirs,  vol.  y.  pt.  1 . 

.     Proceedings,  vol.  ii.  nos.  30-42,  and  Index  to  vol.  7. 

Agassis,  L. — Florida  coral-reefs,  262. 

Mansfield  coal-fonnation,  270. 
Algcar,  F.— Gold-crystals  from  California,  246. 

Sigillaria,  263. 
Desor,  E.— Contorted  strate  in  drift,  282. 
Jackson,  C.  T.— Apatite,  242. 

Pbosphate  of  Ume,  261. 
Warren,  J.  C. — Eppelsheim  fossils,  305. 

American  Journal  of  Science  and  Arts.     Vol.  xvii.  No.  49,  January 
1854.    From  Prof.  SiUiman,  M,D,,  For.  Mem.  G.S. 
Cotta. — ^Memoir  of  Von  Buch,  1. 
Foster  and  Whitney. — Lake  Superior  Geology,  11. 
Mallet.— Tin-pyrites,  33. 
Dana. — Minenuoncal  notes,  78. 
Rose. — Memoir  m  Berzelius,  103. 
Nickl^. — Memoir  of  Arap;o,  113. 
Artificial  silidfication  of  Umestones,  119. 
Mineralogical  notes,  127. 

Rogers. — Probable  depth  of  the  cretaceous  seas,  131. 
Earthquake  at  Manilla,  135. 
Tennant. — Kohinoor  diamond,  136. 
Notices  of  Geological  works  and  maps,  151. 

American  Journal  of  Science  and  Arts.     No.  50,  March  1854. 
Delesse. — Globuliferous  rocks,  168. 
Bailey. — Deep  sea  soundings,  1 76. 
Fossil  Diatomacee,  179. 
Mallet.— Beryl,  180. 
Hall. — Silurians  of  Lake  Superior,  181. 
Marcou. — Geoloeical  Map  of  United  States  and  Canada,  199. 
Whitney.— Algente  and  Apatite,  206. 
Dana. — Mineralogical  notes,  210. 
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Logan  and  Hunt. — Compoiition  of  T/ingiilr,  &e.,  235. 

Gcnth.—Meteoritc  239. 

Wathen.— Gold-fielda  of  Victoria  [from  Q.  J.  G.  S.],279. 

GiimbeL— Agate  [from  Q.  J.  G.  S.],  284. 

Camerooeras  trentoiiense  and  Oithis  Verneuiliy  292. 

Warren. — Memoir  of  Teschemacher,  292. 

Notioea  of  works,  &c.,  295. 

ABSorance  Magazine.     From  the  Institute  of  AetuarieM. 
Athenfleiun  Journal  for  December.  January^  Februaiy,  and  March. 
Fnm  C.  W.  Dilke,  Esq.,  F.G.S. 
Notices  of  Meetbigs. 

Belgique,  Academic  Royale  des  Sciences  de.    M&noires»  tome  xxm 

.     M^moires  couionnds ;   Collect,  en  8to»  tome  v.  pt  2 ; 

tome  vi.  pt.  1 . 

.    Bulletin^  tome  xx.  pt.  1  &  2. 


Bengal  Asiatic  Society,  Jounud  of.     1853,  no.  5. 

Fleming.— Geology  of  Punjab  Salt  Bange,  444. 

MacCleiland.— Lrrawaddy  River,  480. 

Baker.— lUneegunge  Iron  Mines,  484. 
.     1853,  no.  6. 

Berlin  Geological  Society,  Zeitscbrift.    Vol.  ▼•  pt.  3. 

Roemer,  F.  and  Sir  C.  Lyell.— Letters  on  Tertiaiies,  494. 
Strombeck.— Gault  in  the  Subhercynian  cretaceous  series,  501. 
Rlipstein. — Geology  of  the  Dill  and  Lahn  district,  516. 
Labecki. — Miocene  brown-coal  and  salt  in  Poland,  591. 
Delesse. — Carbonate  of  lime  in  the  Fontainebleau  sand,  600. 
Gutberlet. — Pisomelane  in  the  trachytic  porphyry  of  the  Rhone, 

603. 
Meyn. — North  Hanoyer  miocene  beds,  606. 
BiBchof. — Furnace-slags  of  Magdespnmg,  609. 

Breshm  Academy.     Denkschrift  zur  Feier  ihres  funfzigjalirigen  Be- 
stehens,  heraosgegeben  Ton  der  Schlesiscben  Gesellschaft  fur 
Vaterlandische  Kultur,  1853. 
Canadian  Journal.     From  the  Canadian  Institute. 
— ^—  for  November  1853. 

Coral-reefs,  81. 

Artificial  Diamond  powder,  103. 
Canadian  Journal  for  December  1853. 

Mineral  products  of  Ottawa,  1 12. 

Tin,  118. 

Separation  of  some  metaUic  oxides,  126. 
— — for  January  1854. 

Variations  in  the  level  of  the  Lakes,  129. 

Influence  of  Agriculture  on  Climate,  131. 

Lower  Silurians  of  Tennessee  and  New  York,  138. 

Civil  Engineer's  and  Architect's  Journal.     March. 
Chemical  Society,  Quarterly  Journal.     No.  24. 
Cherbourg,  Soci^t^  des  Sciences  Naturelles  de.     M^oires,  rol.  i. 
livr.  2. 
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Fnnce»  Soci^t^  Gr&>logiqae  de.  Bulletin.     Deux.  S^rie^  tome  x. 
f.  17-22. 

A.  Ddesse. — Sur  la  trantfonnation  du  granite  en  ar^e  et  en 

kaolin,  26?. 
A.  de  Zigno.^Nouveau  giiement  de  poissoni  fosules  dans  le 

Vicentin,  26?. 
.  Dtouverte  d'une  ilope  jurasuque  dans  les  Alpes 

V^tiennes,  268. 
Berthand  et  Tombeck. — Note  sur  les  terrains  des  enTirans  de 

M49on,269. 
Albert  Gaudry. — Note  snr  les  coquilles  fossiles  de  la  Somma,  291. 
Tb.  Davidson. — Classification  des  Bracbiopodes  en  families  et  en 

genres,  296. 
J.  Prestwieb. — Sur  la  position  g^logique  des  sables  et  du  cal- 

caire  lacustre  de  Rilly  (Mame),  300. 
Paul  Genrais. — Sur  quelques  ossemens  fossiles  de  Pboques  et  de 

Caac^B,3ll. 
Rozet. — Observations  sur  une  notice  de  M.  Lory  relative  au  D^- 

voluy,318. 
Yon  Dechen. — Description  g^ognostique  du  Siebengebirge  sur  le 

Rhin  (traduit  par  M.  A.  Delesse),  319. 
H.  D.  Rogers. — Lettre  relative  k  la  carte  g^logique  de  I'^tat  de 

Pennsylvanie,  326. 
De  Francq. — ^Note  sur  la  formadon  et  la  repartition  des  reliefs 

terrestres,  328. 
De  Villeneuve. — Note  sur  les  cbaux  bydrauliques  et  les  ciments, 

342. 

Hogg*8  Instructor^  January  1854. 

Horticultural  Society.    Vol.  ix.pt.  1. 

Journal  of  tbe  Indian  Archipelago>  vol.  vii.  nos.  4,  5.     From  J.  R, 
Logan,  E^q.,  F.G.S. 

Leeds  Philosophical  and  Literary  Society,   33rd  Annual  Report, 
1852-53. 

lAh^e,  Soci^  Royale  des  Sciences,  M^oires.     Vol.  L  to  vol.  viii. 

Literary  Grazette,  for  Jan.,  Feb.,  March.  From  L.  Reeve,  Esq.,  F.G.S. 
Notices  of  Meetings. 

London  and  Edinburgh  Phil.  Mag.     From  R.  Taylor,  Esq.,  F.O.S. 
January  (no.  42). 

Bonis,  J. — Products  of  the  decomposition  of  rocks  under  the  in- 
fluence of  sulphurous  thermal  waters,  68. 

.     February  (no.  43). 

Delesse,  A. — Action  of  alkalies  on  rocks,  100. 

Percy,  Dr. — Detection  of  gold  in  lead,  126. 

Henry,  O. — Nickel  and  cobalt  in  mineral  springs,  149. 

.     March  (no.  44). 

Martin,  P.  J. — ^Anticlinal  line  of  the  London  and  Hampshire 

Basins,  166. 
Davy,  E. — Man^^ese,  218. 
DevUle. — Aluminium,  236. 
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MontpelUer,  Acad^mie  des  SdenoeB  et  Lettres  de.     Eztnuto  det 
Proc^verbaux  des  Stances,  1851-52. 

De  Scriet,  M.— -PetnfiM^tion  of  iheUs  in  the  MediteiTaiieaiu  5. 

Comparmtive  nxe  of  foanl  and  recent  inimali,  11. 
Temperature  of  the  Montpellier  caves,  22. 
De  Rouville.— Post-tertiary  age  of  the  iron  ore  of  Lot,  &c.,26. 
De  Rouville  et  P.  Gervais.— fibtftodon  angustidens,  26. 
De  Serres,  M.— Les  Rochers  des  DenteUes,  H^raolt,  30. 

Moscow,  Imperial  Society  of  Naturalists.    Bdletin  for  1852  and 

1853. 
.    No.  2,  1852. 

.    No.  3,  1852. 

Domging. — Quarry  section  at  Kisdienew,  Bessarabia,  (plate)  186. 
Hermann. — Pjroxene,  194. 

KiprijanoiF. — ^Fish-remains  in  the  iron-sand  of  Kursk»  (plate)  221 . 
Von  Qualen. — Coast-ice  of  the  Baltic  and  erratic  blocks,  227. 


No.  4,  1852. 


Hermann. — Spodumene  and  Petalite,  338. 

Von  Qualen  and  Eichwald. — Fossil  reptile  from  the  Permian  of 

the  Western  Ural,  472-482. 
Riprijanoff. — Fish-remains  in  the  iron-sand  of  Kursk,  (plates) 

483. 
Eichwald.— Esthland  rocks,  498. 
Pander. — Choristites  species,  499. 

-  for  1853.    No.  1,  1853. 
Von  Qualen. — Black  earth  of  Russia,  3. 
Eichwald. — Iron-sand  of  Kursk,  209. 

for  1853.    No.  2,  1853. 


Andrzeiowski. — Plutonic  rocks  of  S.E.  of  Russia,  289. 
Kiprijanoff. — Fish-remains  of  the  iron-sand  of  Kursk,  (plate)  331 . 
Romanovski. — New  genus  of  fossil  fish-tooth,  (plate)  405. 

Museum  of  Practical  Geology,  Arrangement  of  the  Fossils  and  Rock 
Specimens  in  the  Galleries  of. 

Museum  of  Practical  Geology,  Arrangement  of  the  Specimens  in  the 

Vestibule  and  Hall  of  the. 
Museum  of  Practical  Geology,  Records  of  the  School  of  Mines, 
vol.  i.  part  3. 

Smyth,  W.  W.— Wicklow  and  Wexford  Mines. 
— — — .    Vol.  i.  part  4. 

Hunt,  R.~Statistics  of  Metallic  Produce. 
Netheriands.   Verhandelingen  uitgegenen  door  de  Commissie  belast 
met  het  Vervaardigen  eener  Geologische  BeschriJTing  en  Kaart 
van  Nederland.     1st  part.    From  the  Soeiiti  HoUandaUe  de$ 
Sciences  at  Haarlem, 

Anon. — Geoloffv  of  Losser,  Overyssel,  16. 

Miquel,  F.  A.  W.— Fossil  plants  of  the  Chalk  of  limborg  (with 

plates),  35. 
Staring,  W.  C.  H.— The  Marsh-lands  of  the  Netheriands,  59. 
Harting,  P. — ^Well-section  at  Gorinchem,  105. 
Normandie,  Sod^t^  Linn^nne  de,  vol.  9« 
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Pabeontograpliical  Society,  Memoirs  of,  for  1853. 

Edwards,  M.  and  J.  Haime — Britiih  Deyonian  Corals. 

Davidson,  T. — Classification  of  the  Brachiopoda. 

Owen,  Prof. — Anatomy  of  Terebratola. 

Carpenter,  Dr.— Structure  of  Shells  of  Brachi(^)oda. 

Sharpe,  D.— Cephalopoda  of  the  Chalk. 

Morris,  J.  and  J.  Lvcett. — Biyalve  Molluscs  of  the  Great  Oolite. 

Wood,  S.  V.—Bivalve  Molluscs  of  the  Crag. 

Owen,  Prof. — Wealden  and  Purbeck  Chelonia. 

Paris,  Academy  of  Sciences,  Comptes  Bendus,  deux.  s^m.  nos.  25, 
26,  tome  37,  and  nos.  1 — 8,  tome  38,  prem.  s^m. 

.     M^moires,  vol.  xxiv. 

Photographic  Society>  Journal.    No.  13,  14,  15. 

Royal  Agricultural  Society  of  England,  Journal,  vol.  xiv.  part  1, 
1853. 

Johnston. — ^Agricultural  Geology  of  New  Brunswick  (with  a 

map),  1. 
Rowley. — ^Agricultural  Geology  of  Derbyshire  (with  a  map),  17. 
Trimmer. — Geology  of  the  &ythorpe  Estate,  96. 
Way  and  Paine.—Silica  strata  of  the  Lower  Chalk,  225. 

.    Vol.  xiv.  part  2,  1853. 

Stevenson. — ^East  Lothian,  275. 
Evershed. — Surrey  (with  a  map),  395. 
Rowlandson. — Herefordshire  (with  a  map),  433. 

Royal  Ge^;rapliical  Society,  Journal,  vol.  xxiii.,  1853. 
Sir  R.  L  Murchison's  Presidential  Address,  Izxv. 
Strachey.— Western  Tibet,  1. 
Craufora. — Borneo,  69. 
ButakoiF.—Sea  of  Aral,  93. 
Rink. — Greenland  glaciers,  145. 
Allen.— The  Dead  Sea,  163. 
WadielArabli,166. 
Lloyd. — Copiapo  Mines,  196. 
Davis.— Chusan,  242. 
Schomburgk. — Samand  Bay,  S.  Domingo,  264. 

.     General  Index  to  the  Second  Ten  Volumes. 

.    Accessions  to  the  Library  to  May  1853. 

Royal  Irish  Academy,  Proceedings,  vol.  v. 
Royal  Society,  Proceedings,  vol.  vi.  nos.  100,  lOL 
Statistical  Society,  Journal,  vol.  xvii.  part  1.  March. 
Stockholm  Royal  Academy  of  Sciences,  Transactions  for  1851. 

.    Bulletin  for  1852. 

.    Noticesof  Memoirson  the  Vertebrata,  from  1845tol850. 

Vienna  Imperial  Academy,  Sitzungberichte,  vol.  xi.  parts  1,  2,  3,  4. 

.    Denkschriften,  vol.  vi. 

Vknna  Geological  Institute,  Jahrbuch,  1853.     Jarbg.  iy.  no.  2. 

Haidmffer,  W.— Notice  of  Leopold  von  Biich,  207. 

Vogl,  J.  F. — Joachimsthal  minerals,  220. 

Kner,  Dr.  R.— Geology  of  Istria,  223. 
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Peters,  Dr.  C— Slate-rocks  of  Upper  Austria,  232. 
Czjzek,  J.— Geol^y  of  Lower  Austria,  264. 
Hochstetter,  Dr.  F.— Greenstone  of  Teachen,  311. 
Melion,  Dr.  V.  J. — Geology  and  Mineralogy  of  Brunn,  321. 
Emmrich,  Dr.  H. — Geology  of  Eastern  Bavarian  and  ndghbonr- 

ingAlps,  326. 
Zekeli,  Dr.  F. — Gasteropoda  of  the  Gosau  formation,  394. 
Proceedings,  &c.  of  the  Institute,  397. 

Torkshire  (West  Riding),  Geological  and  Polytechnic  Society,  Re- 
ports of  the  Proceedings,  1852. 

Bodington,  Dr. — Evacuating  coal-mines  of  inflammable  gas,  22S. 
Sorby,  H.  C. — Evidence  of  direction  of  currenta  in  £e  ooal- 

sandstones,  232. 
West,  Th.— Cavities  in  the  Craven  hmestone,  240. 
Thorp,  Rev.  W.— -Gravels  of  Yorkshire  and  Nottinghamshire, 
244. 


11.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 
Names  of  Donors  in  Italics. 

D'Archiac,  A.  Histoire  des  Prcgr^  de  la  G^logie  de  1834  ik  1852. 
Tome  V.  pt.  2.     From  the  Geologietd  Society  of  France, 

ITHalloy,  J.  J.  tTO.    Abr^  de  Gfologie. 

BeslongchampSy  E.  E.  Note  pr&ent^  II  I'lnstitut  des  Provinces 
sur  quelques  Brachiopodes  nouveanx  du  Lias. 

Dewael,  N.  Ch.  Observations  sur  les  Formations  Tertiaires  des 
environs  d'Anvers. 

Fairbaim,  W.  On  the  Application  of  Cast  and  Wrought  Iron  to 
Building  Purposes. 

Fossombroni,  Conte  Vittorio.  Considerazioni  sopra  il  Sistema 
Idraulico  dei  Paesi  Veneti.     From  Sign.  Pasini. 

Hislop,  Rev.  S,    Geology  of  the  Nagpur  State. 
Hopkins,  E,    On  the  Geology  of  the  Grold-bearing  Rocks  of  the 
World,  and  the  Gold-fields  of  Victoria. 

Horsfield,  Dr.  T.  Plantse  Javanicae  rariores,  descriptae  iconibusqne 
illustratae,  quas  in  Insula  Java,  annis  1802-1818,  l^t  et 
investigavit  Thomas  Horsfield,  M.D.  &c.  With  Map  of  the 
Island  of  Java. 

Instructions  pour  l*Observation  des  Ph^nom^es  pModiques.  From 
the  Royal  Academy  of  Brussels. 

Jukes,  J.  B.    Popular  Physical  Geology. 

.    The  Geology  of  Chamwood  Forest. 

Leymerie,  A.  Essai  d'une  MAhode  ^lectique  ou  Wem^rienne  de 
Min^ralogie. 

Macartney,  Lord.     Embassy  to  China.     From  T.  R.  Jones,  F.G,S. 
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Biagnetical  and  Meteorological  Obserrations  made  at  the  Hon.  East 
India  Company's  Observatory,  Bombay,  in  1849.  From  the 
Directors  of  the  Han.  E,  L  Company, 

Maritime  Conference  held  at  Brussels  for  Devising  a  Uniform  System 
of  Meteorological  Observations  at  Sea.  August  and  September 
1 853.     From  the  Royal  Academy  of  Brussels. 

Martin,  P.  J.  Additional  Observations  on  the  Anticlinal  line  of 
the  London  and  Hampshire  Basins. 

MitcheUy  Sir  T.  L.  Geological  Report  on  the  Gold-fields  m  the 
Counties  of  Wellington  and  Bathurst,  New  South  Wales,  with 
MS.  Map  and  Sections. 

Nystt  M.  Rapport  sur  Les  observations  sur  les  formations  tertiaires 
des  environs  d'Anvers  par  M.  N.  Dewael. 

Our  Coal-fields  and  our  Coal-pits.     From  Prof.  Tennant,  F.O.S. 

Pasinit  L.    I  Viaggi  di  Marco  Polo,  descritti  da  Rusticiano  di  Pisa. 

Pietet,  F.  J.    Mat^riaux  pour  la  Pal^ntologie  Suisse.    Part  1. 

Pole,  Wm.    Description  of  the  Prismatic  Clinometer. 

Quekett,  Prof.  J.  On  the  Minute  Structure  of  a  peculiar  com- 
bustible mineral  from  the  Coal-measures  of  Torbane  Hill. 

Quetelety  A.  M&noire  sur  les  Variations  p^riodiques  et  non-p^od- 
iques  de  la  Temperature. 

Benier,  S.  A.  Osservazioni  postume  di  Zoologia  Adriatica  del  Prof. 
S.  A.  Renier.     From  Signor  Pasini. 

SauU,  D.  An  Essay  on  the  Connexion  between  Astronomical  and 
Geological  Pluenomena. 

Scale,  R.  F.  The  Geognosy  of  the  Island  of  St.  Helena.  From  A. 
W.  Morant,  Esq.,  F.O.S. 

Studer,  B.    Geologic  der  Schweiz.     2nd  vol. 


GEOLOGICAL  CONTENTS  OF  PERIODICALS  PURCHASED 
FOR  THE  LIBRARY, 

Annals  and  Magazine  of  Natural  History.     New  Series,  1 854. 
No.  73.—  January. 
No.  74. — February. 
No.  75.-March. 

Wright. — Echinoderms  of  the  Lias  and  Oolites,  161. 

Owen. — ^iSpyonus,  221. 
No.  76.— April. 

Wright. — Echinoderms  of  the  Lias  and  Oolites,  312. 
No.  77.— May. 

Wright.— Echinoderms  of  the  Lias  and  Oolites,  376. 
No.  78.— June. 

Egerton.— Fossil  Fishes,  433. 
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Edinburgh  New  Philoflophical  Jonmal,  1854.     No.  111. 

Boa^. — Physical  conditioiiB  of  land  and  water  m  geological 

times,  1.  I 

Memoir  of  Ara^,  51. 

Flourens. — Eofogy  of  Arago,  67.  ' 

Gould.— MolliiBoa  and  Shells,  74. 
Stoker. — China-clays  of  Cornwall,  91. 
Mallet.— Euclase,  103. 

Hodgkinson. — Elasticity  of  Stone  and  crystalline  bodies,  108. 
Sed^ck. — Paleozoic  rocks   of   Great    Britain   [Brit.  Asne. 

Meeting],  110. 
Delesse.— Crystalline  limestone  [from  Q.  J.  G.  S.],  127. 
Memoir  of  BL.  E.  Strickland,  131. 
Parasenetic  relations  of  minerals,  139. 
Murcnison. — The  Ocean,  152. 
Forbes.— Glaciers  of  Norway*  159,  179. 
Frerermann. — Formation  of  crystallized  minerals  [from  Q.  J. 

G.  SO,  176. 
Artificial  Diamond  powder^  178. 

Edinburgh  New  Philosophical  Journal.     No.  112. 
Dana. — Oceanic  Chart,  189. 
Thomson. — ^Moa^^sayes  in  New  Zealand,  268. 
Forbes. — Glaciers  of  Norway,  296. 
Nicol. — Notice  of  Barrande's  Silurians  of  Bohemia,  310. 
Buist.— Hindostan,  328. 
Paragenetic  relations  of  minerals,  353. 
Goeppert.— Fossil  plants  in  Amber  [from  Q.  J.  G.  S.],  365. 
Smyth.— Oceanic  Pressure,  370,  371. 
AUen.— Dead  Sea,  371. 
Rink. — Greenland  glaciers,  372. 
DoTc. — Oceanic  currents,  373. 
Mineralogical  notes,  373. 
Geological  notes,  375. 

Neues  Jahrbuch  fur  Min.  Geog.  Geol.  und  Petref.  berausg.  Ton  Dr. 
K.  C.  V.  Leonhard  u.  Dr.  H.  G.  Bronn.     1854,  No.  1. 

Barrande,  J. — Silurian  Crustacea,  Pteropoda,  and  Cephalqiodi 

of  Bohemia,  1. 
Gutberlet,  W.  K.  J.— Gold  of  the  Edder  and  ihe  Schwalm,  15. 
Wiser,  D. — Swiss  minerals,  26. 

De  Zigno,  A. — Jurassic  plants  in  the  Venetian  Alps,  31. 
Letters,  Notices  of  Books,  and  of  Mineralogy,  Geology,  snd 
Fossils. 


1854,  No.  2. 


Leonhard,  K.  C— Artificial  Mica,  129. 
Braun,  A.— Tertiary  Flora  (with  plate),  138. 
Leonhard,  G. — Geolosical  nature  of  the  "Riescntopfe,"  148. 
Letters,  Notices  of  Books,  and  of  Mineralogy,  Geology,  snd 
Fossils. 
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PROCEEDINGS 

OP 

THE  GEOLOGICAL  SOCIETY. 


April  5,  1854. 
Bobert  Etheridge,  Esq.,  was  elected  a  Fellow. 

The  foUowing  commumcations  were  read : — 

1.  On  9ome  Mammalifkrotjs  Deposits  in  the  Valley  of  the 
Nene,  near  Peterborough.  By  Joshua  Trimmer,  £sq.» 
F.G.8. 

In  the  collection  of  the  Marchioness  of  Huntlj  there  are  bones  of 
the  Elephant  and  other  large  mammals,  which  have  been  obtained 
from  two  ffrayel-pits  near  Orton  Hall.  Some  of  them  have  been  sub- 
mitted, I  beheye,  to  the  inspection  of  Professor  Owen ;  and  through 
the  kindness  of  the  Marchioness  I  am  enabled  to  exhibit  the  whole 
of  them*  to  the  Society. 

While  making,  in  company  with  Mr.  Buley  Denton,  a  rapid  ex- 
amination of  the  fi;eology  of  the  Orton  estate  in  its  agricultural  rela- 
tions, I  had  lately  an  opportunity  of  seeing  these  deposits,  which 
present  some  interesting  features  bearing  on  my  communication, 
published  in  a  late  number  of  the  Journal  f,  "  On  the  Soils  which 
cover  the  Chalk  of  Kent." 

*  The  collection  compriies  remains  of  Elephat  meridhnaUt  ?,  Bot  primigenhu, 
and  Cermu  ekqtktu,  f  No.  36.  voL  ix.  p.  286. 

▼OL.  X. — PART  I.  2  B 
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I  place  the  Orton  ^yel  on  the  parallel  of  the  Nar  day  and  the 
mammaliferous  deposits  of  the  Thames  Valley,  which  I  reier  to  diat 
portion  of  the  Pleistocene  epoch  which  I  have  called"^  the  second 
stationary,  or  second  elephantine  period,  and  which  I  have  described 
as  interrening  between  tne  elcTation  of  the  erratic  tertiaries  and  the 
distribution  of  the  Warp-drifl  over  their  denuded  surface. 

In  the  Nar  clay  the  shells  are  wholly  marine,  although  it  is  pro- 
bable that  it  terminates,  on  the  east,  in  freshwater  deposits  sioailar 
to  those  of  the  parallel  valley  of  Gaytonthorpef .  In  the  ancient 
wide-spread  alluvium  of  the  Thames  the  shells  are  exclusively  those 
of  the  land  and  fresh  water.  The  Orton  gravel  is  a  fluvio-marine 
deposit. 

These  facts  accord  with  the  sketch-map  which  accompanied  the 
paper  above-mentioned  {op.  cit,  vol.  ix.  pi.  13,  map  No.  4.),  illustra> 
ting  the  distribution  of  land  and  water  on  the  eastern  side  of  England, 
during  the  second  stationary,  or  second  elephantine  period. 

In  the  Valleys  of  the  Nene  and  Nar  we  have  the  elevated  coast- 
line of  ramifications  from  a  bay  which  extended  more  to  the  west 
than  the  present  estuary  of  the  Wash.  In  the  old  alluvium  of  the 
Thames,  on  the  other  hand,  we  have  evidence  of  the  eastern  extoi- 
sion  of  land  drained  by  a  river  of  such  volume,  that  there  is  no  diffi- 
culty in  supposing  it  to  have  extended  sufficiently  to  the  east  to 
have  been  a  tributary  of  the  Rhine  ^. 

The  foundation-rock  of  the  Orton  Estate  is  Oxford  clay,  with 
beds  of  impure  limestone  on  its  western  side ;  but,  from  the  imperfect 
sections  and  the  rapidity  of  my  examination,  I  have  not  yet  been 
able  to  satisfy  myself  whether  they  belong  to  the  lower  part  of  the 
Oxford  clay  or  the  upper  part  of  the  Great  Oolite. 

The  superficial  deposits  with  which  these  strata  are  extenavdy 
covered,  are,  taking  them  in  the  order  of  their  antiquity, 

1 .  The  Boulder-day  of  the  Lower  Erratics. 

2.  The  Orton  Gravel,  reconstructed  from  erratic  materials. 

3.  The  Warp-drift. 

I  saw  nowhere  on  the  estate,  or  in  its  vicinity,  any  gravel  of  the 
upper  erratics,  in  its  normal  condition,  that  is,  resting  on  boulder- 
clay,  or  resting  on  other  rocks  at  higher  levels  than  that  clay. 

The  warp-drift  on  the  Oxford  clay  is,  in  many  parts  of  the  estate, 
more  than  4  feet  deep ;  and,  though  on  that  clav  it  partakes  much 
of  the  nature  of  that  bed,  it  contains  extraneous  fragments  to  such  a 
depth,  that,  except  at  a  section  afforded  by  a  brick-field,  I  could  not 
satisfy  myself  that  I  had  seen  it  in  its  native  state.  Even  there, 
beneath  a  brown  day-loam,  3  or  4  feet  deep  and  containing  de- 
tritus not  derived  from  the  subjacent  stratum,  there  is  a  blue  day, 
containing,  to  the  depth  of  about  7  feet,  decayed  roots  and  other 
vegetable  matter,  which  not  only  extend  through  it  vertically,  but 
are  interstratified  with  it  in  such  a  manner  as  to  cause  suspidon  that 
the  clay  has  been  reconstructed  to  that  depth.    Without  ftirther 

*  Quart.  Joum.  G«ol.  Soc.  vol.  ix.  p.  295.  f  Op.  eii,  vol.  vii.  p.  26. 

t  Loe,  cit.  and  Quart  Joum.  Geol.  Soc  vol.  vii.  pi.  7. 
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examination,  I  should  hesitate  to  affinn  that  which  I  helieve  to  he 
the  case,  namely  that  we  have  here  an  ancient  marshy  surface 
beneath  the  warp-drift. 

The  boulder-clay  contains  a  large  proportion  of  chalk  and  chalk- 
flints,  with  other  fragments  of  still  more  distant  origin,  imbedded  in 
a  base  of  brown  clay.  It  forms  a  ridge  extending  from  north  to 
south,  and  therefore  in  a  direction  transverse  to  this  part  of  the 
Valley  of  the  Nene.     It  is  based  on  Oxford  clay. 

The  Orton  gravel  is  spread  over  the  Oxford  clay  and  the  oolitic 
rock  in  a  direction  parallel  to  the  valley,  and  extends  to  a  height  of 
20  feet  above  the  level  of  the  Nene. 

The  two  CTavel-pits  which  have  yielded  mammalian  remains, 
associated  with  terrestrial,  marine,  and  fluviatile  shells,  are  situated 
near  the  Hall,  and  about  176  yards  from  the  road  from  Peterborough 
to  Northampton.  From  that  nearest  to  Peterborough,  in  a  pasture- 
field,  bones  have  been  obtained,  irregularly  dispersed,  as  I  was  in- 
formed by  the  workmen,  through  the  gravel.  They  are  more  abun- 
dant in  another  pit,  in  an  arable  field,  distant  about  460  yards  from 
the  former  and  about  200  yards  from  the  road. 

In  the  former  pit  the  gravel  has  been  worked  to  the  depth  of  10 
feet,  without  reaching  the  rock. 

At  the  depth  of  7  feet,  I  found  Cardium  edule  and  Oatreea  edulis, 
in  the  state  of  large  fragments  in  a  very  decayed  condition. 

At  the  pit  in  the  arable  field,  the  gravel  is  worked  down  to  the 
oolitic  rock  on  which  it  rests ;  and  the  total  depth  of  the  deposit,  of 
which  the  following  is  a  section,  varies  from  12  to  14  feet. 

Section  of  the  Mammali/erous  Gravel  of  the  Nene  Valley  ;  from  a 
gravel-pit  near  Orton  Hall. 


-* V^    -T-1  }        *"-^ ^"1 


«.  Warp-drift  of  brown  loam,  flUing  indentations  in  surfiice  of  b. 

h.  Grarel. 

e.  Altemationa  of  land  with  grey  and  brown  clar ;— freahwater  and  land  sheila. 

d.  Grarel ;— mammalian  bones  and  marine  shells,  both  near  the  bottom  of  the  bed. 

e.  Oolitic  rock. 
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I  am  indebted  to  Mr.  Rapert  Jones  for  the  identification  of  the 
spedeSy  which  he  describes  as 

Cardinm  edule.  BithinU  tentamlata 

Ottncft  edolit.  Paladina  mirgintto. 

Unio ?  Vthmta  crittau. 

Bulimui  lackamentit.  pisdnalia. 

LiiniiKQf  glaber. 

Besides  these  I  found  a  small  Helix  and  a  PlanorhUy  which  have 
been  nnfortnnately  broken. 

From  the  numerous  species  of  the  land  and  freshwater  shells  enu- 
merated by  Mr.  Morris^  from  a  deposit  about  twelve  miles  north  of 
this,  I  have  no  doubt  that  the  future  researches  of  the  Marchioness 
of  Huntly  will  add  several  species  to  the  above  list. 

The  marine  shells  (Cardium)  from  this  pit  were  given  me  by  the 
men,  from  a  heap  of  fragments  of  bones  and  bouldered  oolitic  snells, 
and  were  evidently  freshly  detached  from  their  matrix.  Their  poa- 
tion  in  the  lower  part  of  the  gravel  rests  on  their  authority. 

At  the  other  pit  I  extracted  the  marine  shells  myself,  at  the  depth, 
as  I  have  stated,  of  7  feet  from  the  surface. 

The  prevalent  fragments  in  the  gravel  are  derived  from  various 
oolitic  rocks ;  they  are  considerably  water-worn,  and  are  mixed  with 
chalk-flints.  There  are  also  fragments  of  flinty  slate,  quartxose 
sandstone,  and  other  rocks  of  more  distant  origin. 

This  mvel  appears  to  have  been  formed  from  the  materials  of  the 
denuded  boulder-clay,  with  an  increased  proportion  of  oolitic  mate- 
rials brought  down  by  the  ancient  Nene.  Chalk,  which  abounds  in 
the  boulder-clay,  has  nearly,  if  not  entirely,  disappeared  from  the 
gravel.  The  ovlj  specimens  of  it  which  I  could  find  were  small 
rolled  pebbles  of  the  very  hardest  varieties,  in  the  sand  interstratified 
with  the  clay  in  the  bed  d  of  the  preceding  section. 


2.  On  the  Geological  Structure  of  part  of  the  Bavarian 
Alps;  with  Remarks  on  the  Erratic  PHiBNOMBNA.  By 
Dr.  Adolphe  Schlagintweit. 

[CommQnicated  by  Sir  R.  I.  Morchison,  F.R.S.,  P.G.S.] 
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3.  The  eleratory  rdatioiis  of  the  rock-masses. 

A.  Stmcture  of  the  mountain  group  of  the  Zugspitze  and  the  Wetterstein. 

B.  Structure  of  the  mountains  between  the  Loisach  and  the  Amper. 

4.  Remarks  upon  the  Diluvial  and  Erratic  Phsnomena. 

On  Polished  Rock-surfiaces. 

Introduction. — ^The  obserrations  a  brief  account  of  which  I  have 
now  the  honour  to  lay  before  the  Society  refer  chiefly  to  that  portion 
of  the  Bavarian  Alps  which  includes  the  affluents  of  the  Loisach  and 
Ammer,  and  partly  of  the  Tsar>  to  the  south  of  Munich'*'. 

The  group  of  the  Zugspitze  and  the  Wetterstein,  between  the 
Loisach  and  the  Tsar,  forms  the  greatest  elevation  in  the  outer  zone 
of  the  Alps  from  the  Lake  of  Constance  to  the  Salzach.  It  presents 
a  peculiar  attraction  to  the  geologbt  from  its  very  complicated  and 
irr^;nlar  structure, 

'Hie  following  observations  were  made  in  the  autumn  of  1852  and 
in  the  course  of  the  summer  of  1853,  more  particularly  during  the 
latter  period.  In  my  investigations  I  was  especially  guided  by  the 
works  of  Escher  von  der  Linth  and  Studer,  of  Schafhautl,  Emmrich, 
Yon  Hauer,  and  by  the  excellent  memoir  of  Sir  Roderick  Murchison, 
which  gives  such  a  clear  outline  of  the  succession  of  the  sedimentary 
strata  of  the  Alps,  and  of  the  enormous  dislocations  and  disturbances 
to  which  they  luEive  been  subjected. 

In  the  latter  part  of  my  paper  I  have  offered  some  general  remarks 
upon  the  diluvial  and  erratic  deposits,  and  upon  the  polished  and 
striated  rocks  connected  with  this  subject. 


§  General  view  op  the  Formations. 

I.  Lower  Alpine  Limestone  (Unterer  Alpenkalk)=itftMcAe/^a/^. 

This  is  the  lowest  of  the  formations  which  are  found  in  the  upper 
affluent  valleys  of  the  Biver  Loisach.  It  consists  chiefly  of  grey 
dolomites,  between  which,  but  rarely,  occur  strata  of  dark-coloured 
grey  and  brown  limestones.  Fossils  were  nowhere  found  in  these 
dolomites,  neither  in  these  parts  of  the  Bavarian  Alps  nor  in  the 
eastern  portions  explored  by  Prof.  Emmrich. 

The  aolomites  of  the  inferior  Alnenkalk,  forming  the  base  of  the 
sabsequent  fossiliferous  strata  of  the  lower  Lias,  may  well  be  con- 
sidered as  an  equivalent  of  a  portion  of  the  Trias. 

II.  Lower  Lias, 

This  formation,  which  covers  a  great  area  in  this  part  of  the 
Bavarian  Alps,  consists  generally  of  dark-coloured  marls  and  marly 
limestones.  In  many  pmces  very  dark  slates,  not  effervescing  with 
acids,  are  met  with.    Occasionally  there  appear  masses  of  lighter 

*  The  author  and  his  brother,  Dr.  Hermann  Schlagintweit,  hive  in  preparation 
a  larger  Menioir«on  the  sabject  of  this  commnnication,  to  be  illostrated  by  a  geo- 
loficai  map  and  plates.  The  map  and  some  of  the  plates  were  exhibited  to  the 
Meeting,  and  are  referred  to  in  this  paper. 
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coloured  and  harder  limestones,  which  nevertheless  are  genenillT 
characterized  by  a  certain  amount  of  aluminous  contents. 

In  different  places  there  are  found  in  this  formation  veiy  remark- 
able and  extensive  strata  of -a  finely-grained  grey  sandstone,  becoming 
brown  by  decomposition  ;  it  contains  Uttle  pieces  of  mica,  and  either 
effervesces  but  slightly,  or  not  at  all,  with  acids.  These  sandstones 
contain  few  fossils ;  I  found  only  some  indistinct  vegetable  impres- 
sions and  fragments  of  Avieula  and  Nuculu, 

By  investigating  the  superposition  and  the  mutual  relations  of  the 
strata,  I  came  to  the  conclusion  that  these  sandstones  were  to  be 
considered  as  a  part  of  the  Lower  Lias  formation. 

These  sandstones  seemed  to  me  to  be  very  analogous  with  those 
which  in  the  Vorarlberg  and  in  Austria  accompany  the  "  alpine  coal," 
according  to  Escher  and  Von  Hauer.  M.  Hauer  replied  to  my 
suggestions,  upon  making  these  comparisons,  that  he  also  was  inclined 
to  admit,  after  the  inspection  of  the  specimens  I  had  sent  him,  such 
an  analogy,  and  that  m  Austria  the  sandstones  accompanving  what 
was  termed  alpine  coal  (Alpenkohle)  were  now  also  considered  as  a 
part  of  the  Lower  Lias  formation,  though  with  a  different  ybcte*,  and 
in  many  respects  a  different  fauna. 

All  the  strata  here  spoken  of,  I  have  laid  down  on  the  map  under 
the  name  of  "  Lower  Lias,"  which  was  first  used  by  M.  Hauer  of 
Vienna,  who  admits  that  these  strata  must  be  separated  from  the 
Cassian  beds,  which  form  the  uppermost  part  of  the  alpine  Trias  and 
contain  a  very  different  fauna.  Other  geologists,  Emmrich,  Escher, 
and  Merian,  are  inclined  to  consider  these  as  an  equivalent  of  the 
Cassian  strata.  They  endeavour  to  infer  this  from  the  mode  of 
superposition  in  the  southern  Alps,  and  from  analogy  in  some 
palseontological  characters. 

According  to  the  recent  investigations  in  the  Austrian  and  in  the 
Bavarian  Alps,  it  seems  that  we  must  consider  as  Upper  Muschel- 
kalk  the  strata  of  Hallstadt,  forming  an  equivalent  of  the  Cassian 
beds  of  Miinster  and  Khpstein  with  Ammonites  Aon,  &c. 

The  Lower  Lias  is  considered  to  comprise  as  contemporaneous 
deposits : 

a.  The  strata  of  Kossen  =  Gervillia-strata  of  Prof.  Emmrich  = 
upper  Cassian  beds  of  the  Swiss  geologists. 

b.  The  Dachstein-limestones  with  Cardium  triquetrum  (^Mega- 
lodus  acutatus,  Schafhaiitl). 

The  fossiUferous  portions  of  the  alpine  Trias  not  being  exposed 
in  that  part  of  the  mountains  to  which  I  more  closely  directed  my 
investigations,  I  could  not  obtain  any  proofs  of  the  relation  of  the 
GervilUa-beds  and  their  fauna  to  that  of  the  lower  formations. 

The  strata  of  the  inferior  Lias  are  in  many  places  very  rich  in 
organic  remains ;  the  following  is  a  list  of  the  most  characteristic  and 
generally  distributed  of  these  fossils.  They  have  been  collected  and 
determined  by  myself.  Fortunately  I  was  enabled  to  send  specimens 
of  all  of  them  to  M.  Hauer,  who  has  compared  them  jrith  tne  beau- 
tiful collection  of  alpine  fossils  now  accumulating  at  Vienna. 

Ammonites  Roberti,  Hauer ;  very  distinctly  found  in  this  forma- 
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tion  in  the  Lahnewiesgraben ;  in  Austria  it  had  been  met  with  until 
now  only  in  the  next  higher  formation, — ^the  Upper  Lias. 

Avicida  inaequiradiata,  SchqfhaUtL  Many  specimens;  this  species 
is  found,  though  rarely,  in  the  strata  of  Kossen  in  the  Austrian  Alps. 

Avicula  intermedia,  Emmrich;  differing  from  the  very  similar  forms, 
Avieula  inaquivalvis  and  A.  Munsteri,  by  the  number  of  the  ribs. 

Cardium  austriacumy  Hauer,  In  some  places  found  in  considerable 
abundance.  This  is  the  species  designated  very  often  as  Cardita 
crenata.  Two  lateral  teeth  in  the  hinge,  which  M.  Hauer  could 
clearly  observe  in  some  of  the  specimens,  place  this  species  in  the 
genus  Cardium.  The  true  Cardita  crenata  of  St.  Cassian  seems  to 
have  a  very  different  hinge,  although,  until  now,  it  has  not  been  quite 
clearly  made  out. 

Cardium  rhseticum,  Merian. 

GerviUia  inflata,  Scha/haUtL  In  some  localities  very  common,  and 
veiT  characteristic  of  this  formation. 

lima  gigantea,  Sow, 

Modiok  Schafliautli,  iS^^ur.sModiola  texta,  Scha/h, 

Nucula  complanata,  PhilL     In  some  localities  very  common. 

Ostrea  Haidingeriana,  Emmrich. 

Pecten  Lugdunensis,  Mich,,  according  to  a  determination  by 
M.  Merian ;  and  some  other  as  yet  undescribed  species  of  Pecten, 

Pholadomya  lagenalis,  SchafhaUtl, 

Pinna  Hartmanni,  Zieten, 

Trigonia;  similar,  according  to  Yon  Hauer,  to  Trigonia  harpa, 
Miinster,  or  2Vt^.  WhateleytB,  Buch  ;  but  differing  from  it,  and 
probably  a  new  species. 

Rhynchonella  fissicostata,  Suesa, 

Terebratula  comigera,  SchqfhaUtL 

Terebratula  gregaria,  Suess. 

Terebratula  subrimosa,  Scha/haUtl, 

Spirifer  Emmrichi,  Suess, 

Spirigera  oxycolpos,  Emmrich. 

Corals  are  met  with  in  some  parts  of  this  formation,  especially  in 
the  lower  strata,  sometimes  in  great  abundance ;  the  species  of  these 
corals,  principally  Lithodendron  and  Aatraa,  have  not  yet  been  de- 
scribed. 

Only  in  one  locality,  on  the  Katzenstein,  some  fossils  have  been 
found  which  might  seem  to  indicate  a  triassic  formation ;  these 
were  Terebratula  triffoneUa,  Schlotheim,  and  parts  of  Crinaidea 
very  similar  to  those  of  Dadocrinus  gracilis,  H.  von  Meyer ;  but 
with  these  fossils  was  associated  Natica  alpina,  Merian,  belonging 
very  evidently  to  the  Kossen  beds ;  nor  does  the  position  of  these 
strata  give  the  least  evidence  of  their  being  different  from  the  Lower 
Lias  in  general. 

III.  and  IV.  Upper  Lias  and  Jura. 

A.  Upper  Lias  of  Ammergau, — Very  well  developed  and  fossilife- 
rous  strata  of  the  Upper  Lias  occur  near  Ammergau,  immediately  in 
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thenorthof  my  geological  map.  The  blae  and  grey  marl j  Hmestooes 
contam  numerous  and  weU-preserred  specimens  of 

Ammonites  amaltheus,  Schlth, 

Ammonites  Nodotianus,  D^Orb.  (also  found  at  Adneth). 
Ammonites  radians,  Schlth, 

Ammonites  Reussi,  Bauer,     Similar  to  Am,  Humpkre^nmmu^ 
Sow.,  but  with  very  different  lobes. 
Ammonites  Partschi,  Stur, 
Ammonites  tatricus,  Pusch, 
Inoceramus  yentricosus,  iS^ote^. 

These  Lias  strata  dip  with  ver^  steep  angles,  being  nearly  verdcal 
to  the  south,  and  are  evidently  m  a  very  irregular  position.  They 
lie  conformably  on  enormous  masses  of  sandy  and  marly  Flysch 
rocks,  which  extend  to  the  north,  and  contain  immediately  under  the 
Lias  strata  (which  in  their  mineralogical  characters  are  often  scarcely 
to  be  distinguished  from  them)  nothing  but  many  specimens  of  the 
Fucu8  intricatus. 

Above  the  Lias  strata  is  found  a  small  zone  of  dolomite,  dipping 
everywhere  at  70''  and  75°  to  the  south,  or  south  70°  west.  Ascend- 
ing the  slopes  of  the  Sonnenberg,  we  find  a  thickly-wooded  declivity, 
above  which  begin  the  sandstones  of  the  chalk  with  OrbituUtes^  but 
dipping  with  quite  an  opposite  direction  to  the  north. 

B.  Lias  and  Jura  on  the  Hirsehbuhel  and  the  Wetterstein, 
Under  the  designation  of  "  Upper  Lias  andJura,*'  I  have  laid  down  on 
the  map  two  separate  zones  of  strata ;  the  one  in  the  Lahnewiesgraben, 
the  other  on  the  southern  foot  of  the  Wetterstein.  In  both  localities 
are  found  strata  of  marl  and  limestone,  in  general  of  a  red  or  of 
greyish  and  greenish  colour.  Amongst  the  many  fragments  of  fossils 
I  had  collected,  there  could  be  determined  with  accuracy  only 

Ammonites  radians,  Sehlth,    In  small  specimens. 

Ammonites  tatricus,  Pusch, 

Aptychus,  similar  to  A,  lamelloeus,  but  recently  distinguished  from 
it  by  M.  Schafhautl  under  the  name  of  A,  subalpinus.  They  occur 
very  often  in  the  contorted  red  marly  limestones  of  the  Lahnewies- 
graben,  but  not  in  the  Wetterstein. 

According  to  the  order  of  superposition  of  the  strata,  this  fonoa- 
tion  is  evidently  situated,  as  seen  in  the  Gidsthal,  between  the  inferior 
Lias  and  the  upper  Alpenkalk. 

The  above-quoted  fossils  might  indicate  them  to  belong  either  to 
the  Lias  or  to  a  higher  Jurassic  group.  I  have  comprised  these 
strata  on  the  map  under  the  collective  name  of  "  Lias  and  Jura," 
since  I  exnect  that  further  investigation  may  possibly  lead  to  a  separ 
ration  of  these  strata  into  two  dbtinct  groups. 

If  we  follow  out  the  dbtribution  of  these  strata  on  the  ecological 
pOiVp,  we  find  that  in  the  Lahnewiesgraben  their  eastern  prolongation 
is  stopped  by  a  very  remarkable  transgressive  position  of  the  dolomites 
of  the  Kramerberg,  of  which  we  shall  speak  hereafter.  On  the 
Wetterstein  it  is  very  difficult  to  trace  accurately  the  limits  of  the 
western  and  eastern  prolongation  of  the  band  of  the  Lias  and  Jura 
straU.     Large  masses  of  debris  and  the  difficulty  of  traversing  the 
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Bteep  declhities  made  it  impossible  for  me  to  lay  down  the  eastern 
and  western  termination  of  these  strata  as  distinctly  as  I  could  have 
wished  to  do. 

C.  Red  Marble  of  Orwwang  and  Ettal. — ^Veiy  well  developed 
strata  of  this  marble>  generally  of  red,  sometimes  of  white  or  yellow- 
ish colours,  are  found  in  the  valley  of  Graswang  and  at  Ettal,  a 
little  north  from  the  mountains.  Though  the  structure  of  the  moun- 
tains and  the  position  of  the  strata  are  here  very  irr^;ular,  as  I  have 
endeavoured  more  fully  to  describe  in  my  large  memoir,  it  is  ouite 
erident,  by  comparatiye  observations  in  different  localities,  that  these 
marbles  are  generally  covered  by  the  white  upper  A' pine  limestone, 
which  dips  ^nerally  to  the  north,  and  contains  the  same  small  coral- 
remains  which  are  so  very  characteristic  of  it  on  the  Zugspitze  and 
in  other  localities.  The  marbles  are  clearly  underlied  by  grey  and 
blue  marls  imd  Umestones,  containing  in  different  places  Cardium  aua- 
triacum,  Gervillia  infiata,  Nucula  complanatay  and  other  fossils  cha- 
racteristic of  what  we  have  termed  "inferior  Lias  or  Gervillia-strata." 

The  marbles  lying  thus  between  the  upper  Alpenkalk  and  the 
inferior  Lias  contain  very  often  numerous  specimens  of  Terebratulis. 
M.  Suess  at  Vienna,  who  has  recently  very  thoroughly  examined  the 
Brachiopoda  of  the  Trias  and  Lias  formations  of  the  Eastern  Alps, 
recognised  among  the  specimens  I  had  collected  Rynchonella  Hor- 
neti,  Suess,  and  RhynehoneUa  variabilis^  Schlth. 

The  Hierlatz-strata  of  the  Austrian  Alps,  which  are  characterized 
hj  the  same  fossils,  probably  form,  according  to  the  recent  investiga- 
tions of  MM.  Hauer  and  Suess,  a  part  of  the  Upper  Lias  (= Adneth 
strata),  though  with  a  very  peculiar /acie*. 

V.  Tipper  Alpine  Limestone. 

This  formation  consists,  in  the  mountain  ranges  under  consideration, 
of  a  light-coloured,  white,  or  yellowish  limestone,  which  appears  in 
great  masses  on  the  Zugspitze,  on  the  Alpspitze,  and  on  the  Wetter- 
stein,  and  forms  high  and  steep  escarpments. 

These  strata  here  evidently  cover  all  the  Jurassic  deposits ;  but  as 
yet  the  investigation  of  the  fossils  which  they  contam  is  not  £ur 
enough  advanced  for  determining  with  perfect  accuracy  the  geological 
Sffe  of  this  Upper  Alpenkalk.  In  different  places,  for  instance  on 
the  summit  of  the  Zugspitze,  in  the  HoUenthalkahr,  on  the  Wetter- 
stein,  there  occur  in  tnis  limestone  numerous  coral-remains.  Prof. 
Schafhaiitl  has  described  and  figured  some  of  these  corals  under  the 
name  of  NulUpora  annulata*. 

I  have  also  been  able  to  collect  in  the  Hdllenthal,  as  well  as  in  the 
upper  Bainthal,  not  far  from  the  end  of  the  Plattacher  Glacier* 
several  specimens  of  Nerinaa.  According  to  Von  Hauer's  comparison 
of  these  specimens,  they  seem  to  be  quite  identical  with  the  Nerinrea 
found  on  the  Plassen  near  Hallstadt. 

"The  Umestone  of  the  Plassen,"  he  writes,  "is  almost  certainly 
identical  with  the  fossihferous  strata  of  Stramberg  in  Moravia,  and 

*  Leoah.  and  Bronn's  Jthrbuch  1853,  p.  303,  tab.  6.  fig.  1. 
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these  latter  probably  belong,  according  to  the  recent  myestigadoDa  of 
M.  Hohenegger,  to  the  Neocomian  formation." 

In  the  same  stratigraphical  relations,  and  with  fossil  Gonds  iden- 
tical with  those  fbuna  in  the  gronp  of  the  Zngspitzeand  thc^  Wetto^- 
stein,  we  find  the  upper  Alpine  limestone  also  in  the  Kahrwendel 
range,  which  extends  immediately  to  the  east  of  the  Yallej  of  the 
Tsar,  as  well  as  to  the  north  of  my  geological  map,  where  it  appears 
again  in  the  environs  of  Ammergau  on  the  Laberberg,  and  on  the 
Kofel  and  Sonnenberg. 

VI.  Cretaceoua  Formations,     OrbituUtesanMonef. 

The  cretaceous  strata,  characterized  by  numerous  OrbituHteSy  do 
not  appear  within  my  map,  but  occur  immediately  to  the  north  of 
it,  in  the  environs  of  Ammergau.  They  consist  of  grey  sandstones 
with  a  calcareous  and  marly  cement.  The  latter  is  sometimes  very 
predominant ;  and  the  mineralogical  composition  of  the  rocks  varies 
venr  much. 

In  some  strata  the  quartz  and  homstone  grains  are  very  predomi- 
nant, and  sometimes  attain  a  considerable  size.  The  rock  is  then 
very  hard,  and  the  surface  becomes  very  rough  and  uneven  by  the 
effects  of  weathering. 

Among  the  fossils  the  most  characteristic  are  numerous  OrbituUteg^ 
of  which  there  are  at  least  two  distinct  species.  There  has  been  also 
found  a  well-preserved  fragment  of  an  Ammonite  south  of  the  Rap- 
pen  kopf,  which,  according  to  Von  Hauer,  agrees  with  no  known 
species,  and  is  probably  undescribed.  Different  specimens  of  Ostraa, 
Nerinaa,  and  Turbo  occurred  south  of  the  Rappenkopf  and  in  the 
Soile-Alpe. 

These  deposits  seem  perfectly  to  agree,  as  r^ards  their  lithological 
and  palseontological  characters,  with  very  simuar  strata  observed  by 
Prof.  Emmrich  in  the  Urschelau  in  the  Traun  Valley.  The  latter 
contain  more  numerous  and  better-preserved  fossils,  and  belong 
evidently  to  the  Upper  Cretaceous  formation. 

The  cretaceous  strata  are  well  developed  in  the  basin  of  the  Soile- 
and  Nebele-Alpe  between  the  Laberkopfen  and  the  Ettales  Mandl ; 
they  occur  also  on  the  southern  slope  of  this  mountain  range  in  the 
Spitzschlaggraben.  We  find  them  again  on  the  opposite  side  of  the 
Amper,  on  the  Rappenkopf,  south  of  the  Kofel,  and  they  are  pro- 
longed in  a  westerly  direction  to  the  Brmmberg,  and  protmbly  still 
farther.  The  very  complicated  structure  of  the  Laberberg  and  the 
Brunnberg  makes  it  difficult  to  follow  out  exactly  the  distribution 
of  the  cretaceous  strata.  It  is  evident,  by  observations  on  different 
spots,  that  they  rest  immediately  upon  the  Upper  Alpine  Limestone. 
Generally  speaking  they  seem  to  have  been  deposited  not  quite 
conformably  upon  the  older  formations,  which  had  in  part  been 
previously  disturbed. 

By  a  great  general  upheaval  which  took  place  afterwards,  and  by 
many  powerful  contortions  and  faults,  the  cretaceous  strata  have 
been  brought  in  many  places,  as  in  the  Rappenkopf  i^nd  the  Soile- 
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Alpe,  into  very  irregolar  and  puzzling  stratigraphical  relations  to  the 
older  formations. 

Tertiary  Formations, 

Proceeding  farther  to  the  north  in  the  Valley  of  the  Amper,  we  find 
of  later  formations  the  Eocene  Flysch  with  Fucoidea  in  great  de- 
velopment, and  the  tertiary  strata  of  Kohlgruh  Rottenhuch  and  the 
Peissenberg  ;  but  these  do  not  belong  to  the  subject  of  this  paper. 

The  diluvial  deposits,  which  cover  to  a  great  thickness  the  large 
valleys  in  the  interior  of  these  mountains  as  well  as  the  elevated 
plains  of  Bavaria,  will  be  spoken  of  in  the  last  part  of  this  paper. 

$  The  Elevatory  Relations  of  the  Rock-masses  {Hebungs- 
•  verhaltnisse,) 

In  the  mountun  group  under  consideration,  there  is  a  very  im- 
portant and  extensive  system  of  joints,  which  are  quite  independent 
of  the  stratification. 

These  joints  are  especially  well  developed  in  the  hard  upper  Al- 
penkalk  ;  but  they  extend  into  the  liassic  marls,  as  well  as  mto  the 
dolomites.  It  is  evident,  1st,  that  these  joints,  which  can  often  be 
followed  to  great  distances,  retain  very  often  in  the  same  district  a 
very  regular  mean  direction ;  and  2ndly,  that  in  the  same  district  dif- 
ferent finrstems  of  joints  occur,  crossing  each  other  at  various  angles. 

I  will  mention  some  more  special  examples  of  these  pheenomena 
in  the  Hdllenthal,  where  they  are  particularly  well  developed.  I  had 
here  also  the  opportunity,  by  the  mining  operations  conducted  at 
different  spots,  to  follow  these  joints  in  the  interior  of  the  mountain 
masses.  The  mean  strike  of  the  one  predominant  system  of  joints 
runs  from  N.E.  to  S.W.  (N.  25°-5q°  E.  to  S.  25°-50°  W.). 
They  stand  almost  vertical,  and  their  sides  are,  generally  speaking, 
smooth  and  somewhat  polished.  They  can  be  traced  to  great  distances 
alone  the  steep  escarpments  of  the  mountains,  and  along  the  course 
of  different  small  rivulets,  which  especially  follow  the  direction  of 
these  joints,  where  they  have  produced  remarkably  deep  erosions. 

Besides  this  system  of  joints,  I  could  observe  in  the  Hollenthal 
another  subordinate  system,  running  from  W.N.W  to  E.S.E.  They 
are  by  far  less  extensive  and  regular.  In  some  places  where  both 
systems  are  well  developed  and  exposed,  as  in  the  Hollenthalkahr 
and  the  surrounding  bare  ridges,  they  are  seen  mutually  intersecting 
at  very  high,  sometimes  nearly  right  angles.  By  these  intersections 
many  derangements  of  the  rocks  are  produced. 

Attentively  following  these  long  jomts,  we  are  soon  aware  of  a  cer- 
tain connexion  which  evidently  exists  between  their  mean  direction 
and  the  direction  of  many  valleys  and  steep  mountain  escarpments  ; 
and  we  are  naturally  led  to  the  conclusion  that  the  formation  of 
many  valleys,  or  many  ridges  and  steep  escarpments,  which  can  in 
no  way  be  explained  by  the  strike  or  the  inclination  of  the  strata,  are 
due  to  the  same  causes  which  have  produced  these  long  joints  and 
faults. 
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*  A.  Stmcture  of  the  Mountain  Group  qf  the  Zugepitze  and  the 
Wetterstein. — ^The  light-coloured  upper  Alpine  limestone  fomis  & 
high  continuous  escarpment,  which  is  yisihle  from  a  great  distance^ 
and  runs  from  the  Wetterstein  over  the  Dreithorspitzen  to  the  western 
slope  of  the  Zugspitze  towards  the  Eihsee.  In  the  west  and  in  die 
south  the  upper  Alpine  limestone  reposes  in  a  regular  succession 
upon  the  older  formations,  which  dip  under  it ;  but  on  the  northern 
side  of  this  mountain  the  arrangement  of  the  strata  is  much  more 
irregular.  They  have  been  distorted  and  broken  up  hj  many  exten- 
sive faults ;  and  isolated  portions,  comparable  to  enormous  ice-floes 
in  a  river  or  in  an  arctic  sea,  have  been  pressed  together  by  later  up- 
heavals and  bv  lateral  compressions,  in  the  most  extraordinary  man- 
ner. Very  often  the  upper  Alpine  Hmestone  dips  apparently  regu- 
larly under  the  dark  marls  and  limestones  of  the  lower  Lias ;  and 
these  latter  are  then  again  covered  by  the  upper  Alpine  limestone,  or 
even  by  the  dolomites  of  the  lower  Xlpine  hmestone. 

These  abnormal  positions  of  the  strata  are  very  well  seen,  for 
instance,  on  the  little  saddle  between  the  Laneenfeld  and  the  Ost^feld. 
The  dolomite  which  follows  farther  on  in  the  Bodenlahne,  also  dippii^ 
to  the  north-east,  must  be  considered  as  belonging  to  the  lower 
Alpine  limestone,  although  it  seems  here  to  repose  upon  the  Lias ; 
but  in  its  eastern  and  north-eastern  prolongation,  at  Krun  and  north 
of  the  Barmsee,  it  is  intimately  connected  with  the  dolomites  of  the 
lower  Alpine  limestones,  which  there  form  quite  regularly  the  base 
of  the  lower  Lias. 

In  following  a  section  in  a  northern  direction  across  the  Wettei^ 
stein,  the  complicated  structure  of  these  mountains  is  seen  in  a  very 
interesting  maimer. 

In  the  Paiten  Valley  are  laid  open  the  marls  of  the  lower  Lias,  with 
an  anticlinal  dip,  covered  on  both  sides  by  the  upper  Alpine  limestmie. 
On  the  hiehest  ridge  of  the  Wetterstein  these  strata  dip  with  an  an^e 
of  40®  and  50°  to  the  north,  15°  west.  Along  the  northern  foot  of 
the  Wetterstein  runs  a  great  fault,  and  the  strata  of  the  lower  lias 
are  then  pressed  upon  and  partly  over  the  upper  Alpine  limest<mes 
in  a  most  irregular  manner.  A  very  good  example  of  this  structure 
is  seen  on  the  Kamithor,  where  the  dark  sandy  marls,  containing 
many  of  the  characteristic  fossils,  are  very  much  contorted. 

Farther  to  the  north,  and  separated  by  another  fault,  we  have  the 
perfectly  distinct  upper  Alpine  limestone,  foUowed  by  a  long  and 
regular  band  of  the  lower  Lias,  the  whole  underUed  by  an  extensive 
mass  of  the  dolomites. 

Another  fault,  running  in  the  same  east  and  west  direction,  occurs 
on  the  left  side  of  the  valley  of  the  Ferchenbach.  An  observer 
might  at  first  think  here,  that  the  Lias  marls  must  r^ularly  underlie 
the  dolomites ;  but  the  great  Une  of  fault,  entirely  separating  the 
two  formations,  is  most  distinctly  traceable  all  along  the  bare  escarp- 
ments of  the  Steffreif.  The  rocks  of  the  lower  Lias  then  cover,  with 
various  anticlinal  dips,  a  broad  low  mountain  ridge,  and  they  are 
underlied  in  a  regular  succession,  on  the  right  bank  of  the  Valley  of 
the  Kankerbach,  by  the  dolomites  of  the  lower  Alpine  hmestone  of 
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the  Eckenberg.  One  of  the  most  remarkable  of  all  these  faults  is 
this,  which  extends  on  the  foot  of  the  high  escarpments  of  the  Wet- 
tersteiny  running  from  east  to  west,  and  to  the  W.S.W.  All  along 
this  line  we  find  isolated  patches  of  the  lower  lias,  enclosed  in  various 
and  most  irregular  manner  between  the  white  limestone  strata  of  the 
Upper  Alpenkalk;  I  have  endeavoured  to  lay  down  on  the  map 
these  Lias  patches  as  accurately  as  possible.  Chi  these  lines  of  dislo- 
catiop  are  seen  in  different  points  masses  of  gypsum,  and  of  a 
cavernous  dolomitic  breccia  and  a  very  cellular  and  evidently  altered 
limestone  (CargnewUe).  This  phsenomenon  is  perfectly  analogous 
to  the  occurrence  of  gypsum  and  cargneuile  on  the  long  lines  of 
dislocation  in  Switzerlano,  which  MM.  Studer  and  Brunner  have  so 
well  described, 

B.  Structure  of  the  Mountains  between  the  Loisach  and  the 
Amper. — ^The  dolomites  of  the  lower  Alpenkalk  form,  on  the  Brun- 
stelkopf  and  the  Schafkopf,  with  a  dip  to  the  S.S.W.,  the  regular 
base  of  the  dark  marly  limestones  of  the  lower  Lias.  Farther  north, 
and  more  in  the  interior  of  the  broad  dolomitic  range,  we  find  several 
changes  in  the  dip  of  the  strata,  evidently  produced  by  different 
upheavals  and  contortions  of  the  rocks.  A  most  striking  structure 
of  the  mountains  is  disclosed  if  we  follow  the  line  of  section  more 
to  the  south,  through  the  Lahnewiesgraben,  to  the  Kramerberg. 
There  are  seen  large  masses  of  well  stratified  dolomites,  reaching  the 
summit  of  the  Kramerberg,  at  6085  Fr.  feet,  which  clearly  rest  upon 
the  strata  of  the  Lias.  In  examining  the  environs  of  the  Kramerberg 
solely,  it  seems  at  first  impossible  not  to  consider  these  supei^sed 
dolomites  as  being  younser  than  the  underlying  marly  Umestones ; 
but,  in  following  attentively  the  rocks  of  the  Cramer  in  their  western 
proloneation,  it  is  quite  evident  that  these  strata  must  be  iden- 
tical with  the  dolomites  which  form  generally  the  lower  Alpenkalk 
and  the  base  of  all  the  other  formations  in  this  mountain.  The 
dolomitic  range,  which  occupies  a  considerable  breadth  on  the  Kramer, 
becomes  narrower  towards  the  west.  The  same  strata  pass  on  the 
right  bank  of  the  Loisach,  and  farther  still,  on  the  Eibsee  and  on 
the  Thorlen,  they  form  the  base  of  the  Lias  and  of  all  the  mass  of  the 
Zugspitze. 

The  dolomite  of  the  Kramer  has,  therefore,  been  pushed  over  the 
younger  formations  alone  an  extended  fault,  by  a  very  strong  lateral 
pressure.  This  supposition  is  also  corroborated  by  the  many  violent 
contortions  and  modifications  in  the  strike  and  dip  of  the  red  lias 
strata,  near  the  line  of  iunction  with  the  dolomites.  The  former  stand 
at  very  steep  angles,  oiten  nearly  vertical,  whilst  the  dolomites  which 
follow  above  them  are  inclined  at  angles  of  only  from  30^  to  47^. 

By  the  dolomites  having  been  pushed  over  in  so  irregular  a  manner 
on  the  younger  formations,  we  may  also  account  for  another  remark- 
able pnsenomenon.  It  is  seen  on  the  map  that  the  upper  Lias  and 
Jura  formations,  which  occur  on  the  Hirschbuhel,  become  more  and 
more  narrow  as  we  follow  their  eastern  prolongation,  whilst  the  dolo- 
mites have  been  advancing  farther  to  the  north.  I  nowhere  succeeded, 
in  the  lower  parts  of  the  Lahnewiesgraben,  in  finding  the  characteristic 
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red  marly  limestones  of  the  upper  Lias  and  Jnra,  or  the  fossil  remains 
which  accompany  them.  The  dark  fossiliferous  marls  of  the  lower 
Lias  are  here  continued  to  the  limits  of  the  dolomite,  which  is  seen 
immediately  resting  upon  them. 

§  Remarks  upon  the  Diluvial  and  Erratic  PHiSNOMENA. 

The  diluvial  and  the  alluvial  deposits  could  not  be  indicated  by 
different  colours  on  the  map.  Mere  alluvial  and  detrital  accumula- 
tions in  the  higher  parts  of  the  mountains  were  not  separately  marked. 

It  may  be  of  some  interest  to  advert  to  the  two  diluvial  terraces 
in  the  valleys  of  the  Loisach  and  of  the  Tsar.  They  consist  of  hard 
conglomerates,  containing  pebbles  of  the  different  sedimentary  rocks 
of  the  Alps,  mixed  with  erratic  pebbles,  which  go  down  to  the  very 
lowest  visible  beds.  The  terraces  attain  a  height  of  120  and  180 
feet  above  the  level  of  the  rivers.  They  show  us  the  great  thickness 
of  the  diluvial  beds  with  which  the  Alpine  valleys  had  be^i  covered 
before  the  denudations  by  the  present  rivers  took  place. 

One  of  the  most  interesting  phsenomena  which  occur  in  the  study 
of  the  Alpine  diluvium  is  offered  by  the  erratic  blocks.  I  have 
endeavoured  to  indicate  on  the  map  the  highest  points  on  which  the 
erratic  rocks  are  found,  and  to  ascertain  the  heights  by  direct  baro- 
metric observations. 

In  the  lower  parts  of  these  mountains,  below  4000  and  3500  feet, 
the  erratic  rocks  are  seen  everywhere  scattered  about  in  more  or  less 
abundance. 

I  may  be  allowed  to  mention  some  points  which  seem  to  me  of 
importance  for  forming  an  estimate  of  the  way  in  which  these  remark- 
able erratic  rocks  have  been  transported. 

The  erratic  pebbles  in  the  mountain  chains  under  consideration 
generally  reach  an  elevation  of  4000  and  4400  Fr.  feet,  in  some 
cases  even  4600 !  Even  on  these  highest  limits  we  generally  find 
rounded  pebbles  of  5  to  20  centimetres  diameter.  Hornblende  rocks, 
with  many  massive  and  schistose  varieties,  are  prevalent ;  there  are 
also  found  mica-schist  and  gneiss,  as  well  as  some  fragments  of 
granite. 

Even  on  the  isolated  summit  of  the  Peissenberg,  nine  English  miles 
distant  from  the  Alps,  at  an  elevation  of  3005  Fr.  ft.,  tmck  layers 
of  diluvial  boulders  occur,  with  rolled  erratic  rocks.  Further  it  is 
to  be  ren^arked,  that  the  erratic  rocks  are  not  only  deporated  on  the 
surface  of  the  older  diluvial  boulder  beds,  but  that  they  are  also 
disseminated  in  their  interior,  and  that  they  are  found  in  their  very 
lowest  beds,  down  to  the  surfkce  of  the  miocene  tertiary  deposits. 

The  deep  valleys  which  have  been  cut  through  the  thicK  boulder 
beds  of  the  Bavarian  plateau  by  the  greater  rivers,  for  instance  by 
the  Tsar,  afford  very  exceUent  opportunities  for  the  study  of  these 
phsenomena.  In  the  VaUey  of  the  Tsar,  in  the  environs  of  Munich, 
the  erratic  pebbles  in  the  lower  beds  are  all  rounded,  and  do  not 
generally  exceed  the  size  of  the  fist.  Erratic  blocks  of  very  considerable 
dimensions  are  not  very  common  on  the  plateau  around  the  Tsar  and 
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the  Ammer,  which  I  have  more  especially  examined.  la  those 
locaUties  where  hlocks  of  larger  size  appear  in  greater  numher,  thej 
are  sometimes  more  numerous,  especially  in  the  upper  parts;  hut 
they  are  always  imbedded  between  the  other  diluvial  boulders,  and 
are  in  part  rounded,  and  in  part  they  have  preserved  fresh  angles. 
But  it  would  be  quite  erroneous  to  suppose  that  these  larger  blocks 
are  necessarily  only  limited  to  the  upper  beds;  I  have  convinced 
myself  by  repeated  careful  examinations  that  they  also  occur,  though 
generally  less  numerous,  in  the  lower  beds,  and  I  have  seen  very 
large  blocks  which  have  sometimes  been  brought  up  from  consider- 
able depths  in  the  excavation  of  wells. 

The  occurrence  and  the  distribution  of  the  erratic  rocks  on  this 
part  of  the  Bavarian  Alps,  and  plateau  bordering  them  to  the  north, 
seem  evidently  to  show  that  here  at  least  they  must  have  been 
transported,  and  deposited  in  the  same  mode  and  at  the  same  time 
as  all  the  rest  of  the  diluvial  limestone  and  sandstone  boulders 
amongst  which  they  lie,  and  which  cover  to  so  great  an  extent  and 
with  so  ereat  a  thickness  the  Bavarian  plateau. 

I  need  scarcely  add,  that  the  facts  and  the  remarks  which  I  have 
now  brought  forward  relate  onljr  to  that  part  of  the  Bavarian  Alps 
which  forms  the  subject  of  this  paper.  The  erratic  and  diluvial 
pheenomena  all  around  the  Alps  are  so  extended,  and  they  present 
such  remarkable  differences  in  various  parts  of  this  chain,  that  they 
mustj  in  my  opinion,  be  studied  minutely  in  different  districts  before 
we  can  venture  on  general  conclusions.  But  I  may  be  allowed  to 
say,  that,  generally  speaking,  the  erratic  rocks  which  occur  on  the 
plains  all  around  the  Alps  have  been  too  much  regarded  as  merely 
a  superficial  deposit ;  and  that,  by  examining  different  good  sections, 
erratic  pebbles  are  found  to  descend  more  or  less  deeply  into  the 
interior  of  the  diluvial  boulder  beds. 

The  occurrence  and  the  distribution  of  the  erratic  blocks  on  the 
extensive  diluvial  formations  of  the  basin  of  the  Lake  of  Constance, 
are,  according  to  the  minute  observations  of  Prof.  Fromherz*,  very 
analogous  to  the  phenomena  which  I  observed  on  the  Bavarian 
plateau. 

These  very  remarkable  heaps  of  enormous  and  angular  erratic 
blocks  principally  occur  in  Switzerland  and  on  the  slopes  of  the  Jura. 
Every  one  who  has  studied  the  present  physical  conditions  of  glaciers, 
and  who  has  seen  the  great  oscillations  to  which  these  ice-masses  have 
been  often  subjected,  even  in  historical  times,  will  perfectly  agree, 
that  in  former  geological  periods, — ^when  the  Alps  were  surrounded  by 
large  masses  of  water,  when  there  was  a  greater  amount  of  moisture 
in  the  atmosphere,  and  a  greater  quantity  of  snow-fall, — the  glaciers 
may  very  probably  have  undergone  most  considerable  changes  of 
extension.  The  transport  of  debris  from  the  central  crystalline  por- 
tions of  the  Alps  may  have  been  in  some  places,  as  in  the  valleys  of 
the  Rhone,  of  the  Aar,  of  the  Inn,  &c.,  particularly  favoured  by  that 
greater  extension  of  the  glaciers. 

It  is  further  very  essentia]  to  recollect  the  importance  of  large 
*  Leonhard  and  Bronn's  Jahrbuch  fur  Geognosie,  1850,  p.  641-656. 
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massesof  ice  floating  about  in  liTere,  or  on  the  surface  of  lakea,  in  the 
transport  of  great  angular  rocks.  Even  in  the  present  dme  large 
rocks  are  transported  on  the  shores  of  the  Arctic  seasfitxm  one  point 
to  another ;  and  the  great  masses  of  fine  granite  blocks  whidi  cover 
the  plains  of  northern  (xermanj,  up  to  the  foot  of  the  Han  and 
the  Silesian  mountains,  came  very  probably  on  similar  iceb^gs  and 
ice-floes  from  the  Scandinavian  peninsula. 

On  Polished  Boek'Sur/acet. 

In  relation  to  the  erratic  phsenomena  and  their  connexion  vrith  an- 
cient glaciers,  I  propose  to  add  a  few  remarks  upon  the  polished  and 
striated  rocks,  which  have  been  considered,  I  thmk  in  some  instances 
with  too  little  hesitation,  as  general  evidences  of  the  presence  of 
ancient  glaciers. 

There  can  be  no  doubt  whatever,  that  the  glaciers  have  the  faculty 
of  extensively  producing  by  their  movement  polished  and  striated 
rock-surfaces  on  their  borders.  These  interesting  phsenomena  can 
be  traced  sometimes  at  very  great  distances  from  the  present  gbuaors. 
They  are  seen  very  well  developed  in  the  environs  of  the  riaciers  of 
Macugna^a  and  of  Gromer,  especiaUy  on  the  lower  termination  of  the 
Gromer  eUder*. 

But  Uiere  are  still  many  other  agencies  which  can  produce  similar 
phsenomena  in  a  very  deceptive  vray.  I  will  not  dwell  on  the  polished 
and  striated  rocks  produced  by  Ifmd-slips,  so  very  common  in  the 
Alps ;  or  on  the  strise  resulting  from  a  small  amount  of  sliding  of 
sedimentary  strata  one  along  the  other,  which  I  clearly  observed  in 
several  ouarries :  but  I  will  merely  call  the  attention  of  the  Society 
to  the  fact,  that  the  gneiss  as  well  as  the  granite  of  the  Alps  very 
often  shows  a  concentric  exfoliation ;  and  ^hat  all  these  concentric 
laminse,  having  very  different  dimensions  and  very  various  d^rees  of 
curvature,  offer  on  their  surfaces  a  fine  polish  and  fine  paralld  strise, 
which  are  not  limited  to  the  superficial  surface,  but  are  repeated  on 
all  the  laminse  in  the  interior  of  the  rock. 

It  is  quite  evident  that  in  such  a  case  the  polish  and  the  striae 
of  the  rocks  cannot  be  attributed  to  the  action  of  glaciers,  which  could 
but  have  affected  the  very  surface  of  the  mount^s,  never  the  interior 
laminse  of  the  rock.  It  seems  that  these  phsenomena  are  here  inti- 
mately connected  with  the  process  of  the  concentric  exfoliation  itself; 
and  that  a  limited  sliding  and  displacement  of  the  diflerent  folia  or 
laminae  have  taken  place,  which  produced  the  fine  parallel  strise  and 
scratches  so  generally  observed  in  these  instances. 

Leopold  von  Buchf  was  the  first  to  show  the  importance  of  these 

Solished  concentric  laminse  in  Sweden  and  in  the  Alps :  guided  by  his 
irections,  I  have  endeavoured  more  fully  to  work  out  the  subject  in  the 
Alps,  and  to  represent  some  of  the  most  characteristic  forms  of  these 
concentric  exfoliations  oa  the  ^hree  {4ates  now  exhibited  to  the  Society. 

*  Lithographic  illuBtratioiiB  of  these  fAtenomena  (prepared  for  the  Anthor't 
larger  Memoir)  were  laid  before  the  Meeting, 
t  Ueber  Granit  und  Gneiss ;  Abhandlongen  der  Berliner  Akademie  fur  1842. 
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In  the  yicinitj  of  the  Aar  glacier,  m  the  Beraese  Alps,  the  rocks 
of  granite  and  gneiss  offer  a  curious  and  instructive  exemplification 
of  these  phsenomena. 

On  the  mountains  on  the  left  side  of  this  glacier  are  seen  numerous 
small  systems  of  these  concentric  foliations ;  the  mountains  being 
covered  with  little  rounded  bosses  {roehes  mautonnies).  In  this 
instance  these  roehes  moutonrUes  cannot  have  been  produced,  as 
is  indeed  the  case  in  other  places,  by  the  action  of  glaciers  ;  for, 
by  investigating  their  structure  more  closely,  and  by  following  the 
different  ravines  which  disclose  the  interior  of  the  rocks,  we  clearly 
see  that  these  rounded  bosses  are  produced  by  concentric  exfolia- 
tions, and  that  the  lowest  visible  lamince  are  equally  well  polished 
as  those  on  the  very  surface  of  the  rocks.  An  additional  proof 
of  this  conclusion  is  seen  in  the  higher  parts  of  the  Aar  glacier. 
We  have  there  the  limits  between  the  granite  and  gneiss  rocks 
and  the  stratified  chlorite  and  mica  slates,  which  latter  do  not  show 
any  of  the  concentric  exfoliations.  As  soon  as  the  granite  appears, 
we  find  these  very  remarkable  rounded  bosses,  which  are  wanting 
farther  east  in  the  schists.  Had  the  glacier  produced  these  rounded 
rock-surfaces,  both  formations  would  equally  have  been  rounded  and 
smoothed. 

In  comparing  well-preserved  polished  rock-surfaces  resulting  from 
die  action  of  ^buders,  with  the  polished  surfaces  due  merely  to  the 
process  of  the  concentric  exfoliation  of  gneiss  and  granite,  it  is  ouite 
possible  to  find  some  distinctive  characters.  On  the  polished  surfaces 
produced  by  glaciers  the  striae  run  generally  pretty  parallel  to  the 
longitudinal  axis  of  the  valley;  whilst  on  the  surface  of  the  concentric 
layers  the  strise  follow  generally  the  line  of  the  maximum  of  the 
inclination  of  the  laminae.  It  is  also  very  often  to  be  observed  that  the 
polished  concentric  surfaces  have  a  somewhat  greater  lustre,  which 
may  probably  have  been  produced  by  small  exudations  of  cdliceons 
matter  during  the  process  of  concentric  exfoliation.  These  few 
remarks  vrill  be  sufficient  to  show  how  desirable  it  is  that  the 
interior  structure  of  rocks  should  be  examined  with  the  greatest 
care,  and  at  different  places ;  so  that  we  may  not  confound,  in  all  the 
extensive  gneiss  and  granite  districts  of  the  Alps,  the  striae  and 
polishings  of  glaciers  with  other  phaenomena,  very  similar  at  first 
sight,  but  which  have  been  produced  by  quite  different  causes. 


May  3,  1854. 

John  Petherick,  Esq.,  and  John  Coode,  Esq.,  C.E.,  were  elected 
Fellows ;  and  M.  Joachim  Barrande  was  elected  a  Foreign  Member. 

The  following  communications  were  read  ^— 

1.  On  same  Intrusive  Igneous  Ro^0I  in  Cawsand  Bay,  near 
Plymouth.    By  Leonard  Horner,  Esq.,  F.R.S.,  F.G.S. 

Several,  of  the  principal  features  in  this  locality  are  described  bv 
Sir  Henry  De  la  Beche,  in  his  "  Report  on  the  Geology  of  Cornwall, 
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Devon,  and  West  Somerset;"  but  the  plan  of  that  work  was,  of 
necessity,  limited  in  a  g;reat  desree  to  general  views.  To  have  entered 
into  detailed  descriptions  of  local  phsenomena,  in  so  large  a  fidd, 
would  have  required  the  labour  for  many  years  of  several  observers 
in  the  investigations,  and  the  results  would  have  filled  many  volumes 
of  description.  The  author  of  that  Report  has  however  dwdt 
upon  many  of  the  more  remarkable  places  where  the  phamo- 
mena  throw  light  upon  important  questions  of  theory ;  but,  in  these 
days,  when  geological  researches  demand  far  more  minute  observation, 
when,  as  our  Prudent  has  on  more  than  one  occasion  inculcated, 
the  ground  must  in  many  cases  be  sone  over  inch  by  inch,  ample 
opportunities  will  long  remain  for  diligent  observers  to  fill-in  details 
in  the  masterly  outlmes  of  the  geology  of  the  West  of  England, 
which  have  been  drawn  by  the  skilful  and  practised  hands  of  De  la 
Beche,  Sedgwick,  and  Murchison.  A  short  residence  in  the  neigh- 
bourhood of  Plymouth  enabled  me  to  examine  with  some  care  the 
portion  of  the  coast  I  am  about  to  describe ;  and  believing  that  an 
account  of  the  somewhat  uncommon  appearances  which  the  rocks 
exhibit  may  not  be  without  interest,  and  may  be  the  means  of  calling 
the  attention  of  geologists  to  a  more  close  mvestigation  of  them,  I 
venture  to  lay  before  the  Society  the  results  of  my  observations*. 

In  Cawsand  Baj,  on  the  western  side  of  Plymouth  Sound,  there 
occurs  an  association  of  igneous  and  sedimentary  rocks  which  present 
phaenomena  illustrative  of  some  of  the  great  questions  of  geological 
theory.  The  portion  of  the  coast  I  am  about  to  describe  extends 
from  Penlee  Point  on  the  south-west  to  Bedding  Point  on  the  north- 
east, a  distance  of  about  three  miles,  in  a  semicircular  line,  the  shore 
being  bounded  by  vertical  cli£Fs,  except  in  a  few  places  near  the  fishing 
villages  of  Kingsand  and  Cawsand. 

The  prevailing  rocks  are  red  slates,  sandstones,  and  conglomerates, 
belonging  to  the  Old  Bed  Sandstone  or  Devonian  system.  These 
sedimentary  deposits  are  associated  with  a  red  porphyritic  rock, 
which  presents  itself  under  a  variety  of  aspects. 

Near  the  eastern  end  of  Kingsand,  argillaceous  schistose  rocks  stand 
out  on  the  shore,  bearing  W.N.W.,  with  a  S.S.W.  dip.  They  exhibit 
many  varieties  of  colour,  purple,  red,  green,  and  yeUow ;  and,  in  a  face 
of  the  rock  on  which  the  houses  of  Cawsand  are  built,  aU  this  diversity 
of  tint  is  well  exhibited.  Interstratified  with  shining  argillaceooa 
slate  are  some  hard  arenaceous  beds,  undistingmshable  in  colour  and 
mineral  structure  from  many  found  both  in  the  Old  and  the  New 
Red  Sandstone  formations,  and,  Uke  them  on  many  occasions,  they 
have  stripes  and  spots  of  a  greyish-white  and  bluish-green  colour. 

Proceeding  eastward,  we  come  tipon  a  red  porphyry,  occupying  a 
considerable  portion  of  the  shore  over  which  the  tide  flows.     When 

*  These  observations  were  made  as  far  back  as  the  year  1841,  and  this  paper, 
so  far  as  concerns  the  descriptions,  was  drawn  up  shortly  afterwards,  while  the 
impressions  I  had  received  were  still  finesh,  and  my  notes  could  vrith  safety  be 
extended.  It  was  laid  aside  for  revision,  but  other  pressing  engagements  inter- 
fered, and  in  changes  of  my  residence  the  paper  and  the  specimens  I  had  coUeclcd 
—  were  mislaid,  and  have  only  recently  been  recovered. 
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examined  at  low  water,  and  looking  over  its  broad  surface,  the  por- 
phyry is  seen  to  be  traversed  in  all  directions  by  joints,  which  divide 
the  rock  into  wedge-shaped  and  poly^nal  masses  of  various  dimen- 
sions. A  prevailing  series  of  the  jomts  have  a  W.N.W.  direction, 
oorrespondmg  with  that  of  the  slates  on  the  west,  givins;  the  por- 
phyry the  appearance  of  being  composed  of  highly  inclmed  beds. 
On  measuring  it  by  walking  in  a  line  perpendicular  to  its  western 
side,  I  counted  1100  paces  until  I  again  came  to  skte  eastward,  so 
that  this  mass  of  igneous  rock  cannot  be  less  than  half  a  mile  wide, 
and  I  found  it  identical  in  nature  on  both  sides*.  In  some  places  it 
presents  a  perfectly  flat  surfieu^  of  great  extent,  which  in  one  part  I 
estimated  to  indude  not  less  than  2000  square  yards. 

The  base  of  this  porphyry  is  a  purplish-red  felspar,  interspersed 
with  minute  dark  green  crystals  of  hornblende  and  some  specks  of 
mica.  Steatite  i^pears  to  form  a  constituent  of  the  base,  and  it  is 
disseminated  through  it  in  white  and  coloured  spots,  and  seems  also 
to  coat  the  joints.  Under  the  blowpipe  the  redoish  base  changes  to 
greenish-white,  similar  to  the  spots,  and  is  fused  with  great  difficulty. 
One  of  the  most  striking  peculiarities  of  this  porphyry,  and  which  at 
first  sight  gives  it  the  appearance  of  a  red  sandstone,  is  the  predo- 
minance of  white  and  bluish-green  stripes,  patches,  and  spots  in  every 
partf ;  but  all  these  have  a  much  greener  aspect  in  the  rock  than 
they  preserve  in  hand  specimens,  after  a  little  while ;  which  may 
arise  from  humidity  when  in  the  rock.  The  surfaces  of  the  joints 
are  ver^  generally  greenish-white ;  sometimes  it  is  a  mere  film,  at 
other  times  the  chuige  of  colour  has  a  depth  of  three  or  four  inches. 
So  much  do  the  stripes  and  patches  of  the  Ughter  colour  give  the 
rock  the  appearance  of  a  red  sandstone,  that  it  is  not  imtil  it  is 
struck  with  tne  hammer  that  we  discover  that  it  is  not  a  sedimentary 
deposit. 

It  is  well  known  that  the  rocks  of  Cornwall  are  traversed  by  nu- 
merous porphyritic  dykes,  provincially  called  '  Elvans.'  They  are 
often  very  narrow,  but  have  been  seen  as  much  as  400  feet  wide ; 
many  of  them  may  be  followed  for  several  miles,  and  one  extends 
from  the  neighbourhood  of  Marazion  to  Camborne,  a  distance  of 
twelve  miles  ^.  They  consist  of  a  felspatho-quartzose  base,  including 
crystals  of  quartz  and  felspar,  and  occasionally  specks  of  mica  and 
hornblende  or  schorl.  As  the  constituents  are  mixed,  as  in  other 
uneous  rocks,  in  a  great  variety  of  proportions,  the  rocks  have  many 
mfferent  aspects,  but  still  the^  have  a  common  mineral  character. 

I  have  examined  the  extensive  series  of  specimens  of  Elvans  in  the 
Museum  of  Practical  (Geology,  but  have  not  found  any  exactly  cor- 
responding to  the  porphyry  of  Cawsand  Bay ;  those  most  resembling 
it  are  the  felspar  poiphyries  of  Creegbroaze  Quarry,  Chacewater,  of 
Pentewan  St.  Austell,  and  of  Tremore  near  Bodmin. 

The  slate  rocks  on  the  western  side  of  the  porphyry  are  in  many 
places  very  much  disturbed  and  contorted;  sometimes  tney  are  vertical 

*  Spedmen  No.  1,  from  the  eaatern  side.    That  from  the  western  side  has  been 
mlorttmately  lost    [The  specimens  are  in  the  Museum  of  the  Society.] 
-f*  Spedmen  No.  2,  western  side.       %  Beport  on  Cornwall  and  Devon,  p.  174. 
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or  dip  at  a  high  angle  to  the  N.E.,  that  is»  towards  the  porphjrj 
and  opposite  to  the  general  dip ;  and  as  ihej  come  nearer  to  the 
igneous  rock,  both  dip  and  direction  are  frequently  and  considerabij 
changed,  their  colour  becoming  more  intensely  red,  and  they  indode 
numerous  subordinate  arenaceous  beds  of  various  dimensions^  of  a 
much  harder  texture,  and  chiefly  composed  of  quartz*.  An  actinl 
iunction  of  the  slate  with  the  porphyry  I  could  not  find,  but  dose 
by  the  latter  there  is  a  conglomerate  rock  in  which  the  fragments 
are  rounded.  These  last  consist  of  the  same  materials  as  the  hard 
quartzose  beds  in  the  slate  above-mentioned,  but  they  appear  to  be 
mixed  up  in  some  degree  with  the  porphyritic  matter,  and  the  rock 
has  some  resemblance  to  the  trappean  conglomerate  found  near 
Exeter,  and  at  Dunchideock,  north  of ^^hudleighf. 

On  its  western  side,  the  porphyry  rises  up  from  the  shore  like  a 
wall,  facing  the  S.W. ;  on  its  eastern  side  it  also  rises  up  with  a 
mural  face,  and  here  looking  to  the  N.E.  Immediately  adjoining 
this  eastern  side  we  find  a  conglomerate  similar  to  that  on  the  western 
side^.  On  the  west  it  is  of  greater  thickness  than  on  the  east,  and 
contains  more  fragments  of  date.  On  the  eastern  side  the  conglo- 
merate has  an  indistinctly-marked  bedded  structure.  It  is  succeeded, 
that  is  eastward,  by  red  slaty  arenaceous  beds,  very  much  mottled 
and  striped  with  green,  similar  in  appearance  to  the  light  patdies  in 
the  red  porphyry.  Frequently  there  are  alternate  stripes  of  red  and 
green  slate  in  the  direction  of  the  laminae,  but  these  green  stains 
occur  in  all  forms,  sometimes  shading  off,  at  others  bounded  by  a 
sharp  well-defined  line§. 

These  last  slate  rocks  are  succeeded  eastward  by  others  havine  a 
more  deddedly  argillaceous  and  shining  structure;  still  ranging 
W.N.W.,  and  dippmg  at  various  aneles  S.W.  by  W.,  that  is,  baring 
the  same  direction  and  dip  as  the  slates  westward  of  the  porphyry, 
and  very  much  traversed  b^  quartz  veins. 

I  traced  the  porphyry  mto  the  interior  of  the  country ;  first  in 
some  quarries  not  far  distant  from  the  shore  in  the  road  from  King- 
sand  to  Millbrook||.  It  has  there  the  same  apparently  bedded 
structure,  the  beds  being  from  15  to  30  inches  thick,  and  bearing 
W.N.W.  I  again  found  it  in  situ  two  miles  distant,  near  the  fiurm 
of  Trewinnow,  presenting  the  same  aspect  and  with  green  spots  as  on 
the  shore,  and  in  the  same  line  of  bearing,  with  slate  at  no  great 
distance  on  each  side  of  it,  so  that  there  is  every  probability  dT  its 
being  a  prolongation  of  the  great  mass  on  the  shore. 

Interstratified  with  the  ordinary  slate,  and  traversed,  in  common 
with  it,  by  quartz  veins,  I  found  on  the  shore,  imder  high-water 
mark,  on  the  east  of  the  porphyry  and  very  near  to  it,  a  schistose 

*  Specimens  No.  3,  the  red  slate ;  4  and  5,  the  hard  arenaceous  portions ;  from 
the  western  side  of  the  porphyry  and  near  the  eastern  end  of  King^tand. 

t  Specimens  No.  6,  7,  8 ;  from  the  western  side  of  the  porphyry. 

X  Specimens  Nos.  9  &  10,  from  the  eastern  side  of  the  porphyry. 

$  Specimen  No.  11,  variegated  slate  from  the  eastern  side;  No.  12,  a  hard 
quartzose  bed,  interstratified  with  11,  and  similar  to  Nos.  4  &  5  firom  the  western 
side.  II  Specimens  Nos.  13  Si  14. 
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rock  of  a  piurple  colour,  and  contaming  some  hard  nodular  concre- 
tions whicn  effervesce  slightly  with  add*  ;  and  in  the  vertical  cliff 
near  this  spot,  there  b  an  interruption  to  the  continuity  of  the  ordi- 
nary stratification  by  a  mass  so  much  resembling  a  dyke  that  I 
expected  to  find  it  to  be  porphyry,  but  it  proved  to  be  a  schistose 
rock  resembling  that  on  the  snore  above,  mentioned  as  being  inter- 
stratified  with  me  true  slatef.  It  has,  however,  a  cleava^  fracture  at 
a  considerable  angle  to  the  plane  of  stratification  of  the  adjoining  slate, 
and  which  does  not  extend  into  the  slate. 

The  Rev.  D.  Williams  read  a  paper  to  the  Greological  Section  of 
the  Meeting  of  the  British  Association  at  Plymouth,  in  1841^,  in 
which  he  refers  to  the  part  of  the  coast  now  under  consideration, 
stating  tha^  "from  Bedding  Point  to  the  great  mass  of  porphyry 
near  Uie  fishing  houses,  there  is  one  uninterrupted  series  of  varieties 
of  volcanie  ash,  sometimes  passing  into  day-slate,  interstratified 
among  the  thick  red  sandstone  beds  seen  in  the  east  and  west  cliffs 
of  the  Sound."  The  schistose  rock  above  described  may  possibly  be 
what  Mr.  Williams  calls  Volcanic  Ash,  but  the  term  would  be  alto- 
gether inapplicable  to  the  far  greater  proportion  of  the  rocks  in  this 
locality  §. 

Farther  east  the  slates  and  associated  arenaceous  beds  are  in  a  very 
disturbed  state,  both  as  to  direction  and  dip ;  highly  inclined  bed^ 
dipping  S.S.W.,  abut  against  others  that  are  vertical,  and  these  last 
b^d  round  into  a  stratification  inclined  not  more  than  10^  and 
toward  N.N.W.||  I  tried,  but  without  success,  to  make  a  correct 
drawing  of  this  singular  and  not  very  intelligible  disturbance ;  the 
following  rude  sketch  will,  however,  give  a  better  idea  of  it  than  mere 
words  can  do. 

Diagram  of  the  disturbed  Slates  in  Cawsand  Bay^  near  Plymouth, 


The  nearly  horizontal  beds  are  very  hard,  have  greenish-grey  spots 
and  stripes,  and  divide  into  sharp  angular  blocks,  both  sides  of  the 

*  Spedmens  Noc  15, 16,  &  17.  t  Specimen  No.  18. 

X  Report  for  1841,  Transtction8  of  the  Sections^  p.  62. 

§  Mr.  Williams,  in  the  same  paper,  goes  so  fur  as  to  say  that  in  his  opinion  the 
IdUas  or  day-slates  of  Deton  and  Cornwall  are  tolcanic  products  in  a  stratified 
condition. 

II  Sir  Henry  De  la  Beche  evidently  refers  to  this  part  of  the  cliff,  and  ascribes 
the  disturbance  of  the  stratification  to  a  fault. 
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joints  being  coated  with  green.  In  external  appearance  these  beds 
strongly  resemble  the  adjoining  porphyry^  but  a  stroke  of  the  hammer 
rereak  their  true  nature*. 

Still  farther  east,  these  same  hard  and  nearly  horiaontal  sandstone 
beds  are  cut  by  a  dyke  of  porphyry  (a)  six  feet  wide,  but  unaccom- 
panied by  any  disturbance  of  the  stratification.  This  porphyritic 
rock  has  a  schistose  structuref,  which  near  the  sides  beeomes  more 
distinct^.  Sir  Henry  de  la  Beche,  in  his  Report  before  referred  to, 
when  speaking  of  the  porphyry  in  Cawsand  Bay,  says — "  The  por- 
phyry has  a  coarsely  laminated  structure  towards  the  east,  becoming 
as  much  laminated  as  the  slates  among  which  it  runs  in  yeins,  where 
the  latter  are  small ;  in  such  cases  changmg  its  common  red  colonr 
for  a  light  brown  stained  by  oxide  of  iron§." 

Not  many  yards  distant,  a  second  dyke  (b),  about  five  feet  wide, 
cuts  across  the  same  beds,  and  immedia^ly  adjoining  there  is  a  great 
disturbance  of  the  stratification.  This  dyke||  resembles  in  mineral 
structure  very  closely  not  only  the  dyke  a,  but  even  more  so  the  rodt 
(Specimen  No.  15)  which  I  have  d^cribed  as  interrupting  the  con- 
tinuity of  the  strata  of  slate  and  as  resembling  a  dyke. 

Again,  farther  eastward,  another  dyke  (c)  of  somewhat  wider 
dimensions  cuts  the  same  sandstones,  and  in  one  part  of  it  presents 
a  most  remarkable  schistose  structure^,  at  right  angles  to  tne  sides 
of  the  dyke,  so  as  to  make  it  hardly  distinguishable  from  the  qoarts- 
ose  sandstone  beds,  Nos.  19,  20,  &  21'*''*',  and  the  long-oondnued 
action  of  the  blowpipe  on  a  minute  fragment  does  not  produce  even  a 

rtial  fusion  tt-   1^  ^  probably  the  dyke  figured  in  Sir  Henry  De 
Beche's  Report,  p.  279,  describing  the  luninated  structure  as 
cleavage  planes. 

The  dyke  c  is  shortly  afterwards  succeeded  by  another  (d)  about 
five  feet  wide,  having  a  very  distinct  slaty  cleavage  ^t-  ^  ^^  ^^ 
specimens,  from  the  ereat  porphjrry  mass  to  this  fissile  rock,  might 
easily  be  made,  showmg  the  passage  from  the  one  structure  into  the 
other,  a  gradation  which  may  indc^  be  traced  even  by  the  specimens 
that  accompany  this  paper,  although  they  were  not  collected  with 
that  view§§.     It  is  more  than  probable  tnat  the  smaller  veins  are 

*  Specin»eii8  Nos.  19,  20,  &  21.  f  Spedmens  Not.  22  &  23. 

t  Specimen  No.  24.  §  Report,  p.  211. 

II  Specimens  Nos.  25  &  26.  %  Specimens  Not.  27  &  28. 

**  "  At  Newhtm  qntrry,  netr  Tmro,  tt  the  termination  of  t  long  dyke,  extending 
ibout  nine  miles  from  the  westward  of  Penstruthal,  where  it  cuts  through  granite, 
even  the  porphyritic  character  becomes  lost,  ttnd  we  have  m  embetance  not  mUiie 
mnrne  arenaeeoua  rocki.  It  is  white  and  rather  friable— a  fine-grained  compound 
of  quartz  and  felspar.  A  short  distance  west,  however,  the  elvan  is  a  weU-dia- 
racterized  porphyry." — De  la  Beche,  Report  on  Cornwall,  &c,  p.  177. 

ft  **  In  some  experiments  on  the  fusibility  of  rocks,  made  jointly  with  Mr.  L. 
Llewelyn  Dillwyn,  at  the  Cambrian  Pottery,  Swansea,  we  found  that  the  Cornish 
rranites  and  elvans  were  melted  at  a  temperature  about  equal  to  that  required  for 
frising  malleable  iron.  The  heat  required  for  the  fusion  of  malleable  iron  is  the 
greatest  which  can  be  obtained  in  a  smith's  forge." — ^De  la  Beche,  Report  on 
Cornwall,  &c,  p.  191.  tt  Specimen  No.  29. 

§§  Compare  the  Specimens  in  the  following  gradation  of  their  respectire 
numbers,  1,  13,  31,  30,  22,  23,  24,  29,  25,  18,  and  26. 
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branches  from  the  great  mass,  and  that  the  ▼sri^  of  aspect  arises 
from  the  different  conditions  of  their  cooling.  The  ieneous  rock 
composing  the  djke  d  appears  to  have  been  injected  mto  several 
cracks  and  fissures  of  the  strata,  and  portions  of  the  sandstone  and 
slate  are  enveloped  by  it ;  without  however  causing  any  alteration  in 
their  structure,  and  without  any  indication  of  metamorphic  action. 
It  presents  different  aspects,  as  will  be  seen  bj  the  accompanying 
specimens*.     In  one  place  it  closely  resembles  the  dyke  ▲. 

Farther  eastward,  the  sandstones  and  slates  are  heaved  up  on  the 
shore  in  a  dome-shaped  mass,  the  upper  part  of  which  has  fallen  in, 
and  the  beds  may  be  seen  dipping  to  all  points  from  N.N.E.  round 
by  W.  to  the  S.,  and  a  little  £.  of  S.,  presenting  a  miniature  crater 
of  elevation. 

From  this  part  of  the  coast  to  Redding  Point,  there  is  a  succession 
of  the  sandstones  and  slates,  exhibiting  great  variety  in  the  stratifi- 
cation, there  being  frequent  changes  in  the  direction  and  dip,  and 
several  instances  of  curvatures  and  arch-formed  elevations. 

Having  thus  described  the  facts  as  I  observed  them,  I  will  now 
hazard  some  su^estions  as  to  the  theory  of  this  association  of  igneous 
and  sedimentary  rocks.  That  the  porphvry  is  an  igneous  rock 
which  has  issued  in  a  molten  state  nom  the  interior  of  the  earth, 
and  as  a  submarine  outburst,  scarcely  admits  of  a  doubt.  Such 
rocks  are  either  spread  in  a  sheet  over  the  sea-bottom  and  are  after- 
wards covered  by  sedimentary  deposits,  or  they  have  been  thrust  into 
openings  between  the  beds  of  sedimentary  rocks,  or  into  rents  that 
cross  their  lines  of  stratification.  The  occurrence  of  a  conglomerate 
adioining  the  porphyry  on  the  eastern  and  western  sides,  so  nearly 
alike  as  to  be  almost  identical,  would  not,  of  itself,  contradict  the 
hypothesis  of  a  sheet  of  molten  rock  poured  out  on  the  sea-bottom  ; 
because  the  outpouring  and  consolidation  might  occupy  so  short  a 
time  that  the  same  causes  which  collected  the  lower  bed  of  conglome- 
rate might  have  continued  in  operation.  But  while  it  is  conceivable 
and  even  probable  that  the  melted  matter  mieht  insinuate  itself 
among  the  pebbles  and  sand  over  which  it  flowed,  it  b  not  so  con- 
ceivable how  it  could  be  mixed  with  those  that  would  be  deposited  over 
it,  as  that  surface  would  be  cooled  and  consoUdated  by  the  water  in 
which  it  was  poured  out  before  any  sand  or  gravel  could  be  thrown 
down  upon  it.  The  disturbed  state  of  the  stratified  rocks  on  both 
sides  of  the  mass  is  also  adverse  to  such  an  explanation.  Judging 
from  that  disturbance,  and  from  the  identity  of  mineral  structure  and 
of  the  general  dip  of  the  strata  on  the  east  and  west  of  the  porphyry, 
it  seems  to  be  most  probable  that  the  igneous  rock  was  poured  into 
a  vast  irregular  cavity  parallel  to  the  plane  of  stratification,  and  into 
smaller  lateral  rents,  both  caused  by  the  force  which  raised  the  sedi- 
mentary rocks  from  their  original  horizontality  into  their  now  highly- 
inclined  position. 

*  Specimens  Nos.  30  &  31.  Spedmen  No.  32  is  a  detached  and  rounded 
fragment  inclnded  in  Nos.  30  &  31.  Specimen  No.  33  is  from  a  bed  interstra- 
tified  with  the  sandstone  and  slate  in  the  vicinity  of  the  dyke  30  &  31. 
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As  in  numerous  instances  of  dykes  of  igneous  rocks,  even  of  mo- 
derate dimensions,  we  see  that  they  have  so  acted  on  the  rocks  they 
traverse  as  to  change  a  soft  sandstone  into  a  compact  flinbr  slate,  and 
an  earthy  limestone  into  a  crystalline  marhle,  so  we  mignt  have  ex- 
pected that  a  mass  nearly  half  a  mile  in  width  would  certainly  have 
produced  similar  e£Pects ;  hut  I  did  not  discover  any  signs  of  meta- 
morphic  action,  unless  some  slight  induration  of  the  slate  in  one  or 
two  places  may  be  so  considered. 

I  would  particularly  call  the  attention  of  geolo^ts  who  may  here- 
after visit  this  spot  to  the  phsenomenon  of  the  laminated  structure  or 
slaty  cleavage  of  some  of  the  smaller  dvkes  in  the  cliff,  and  especially 
that  indicated  by  the  letter  c  in  the  aoove  description,  in  which  the 
lamination  b  at  right  angles  to  the  sides  of  the  dyke,  and  the  stone 
is  scarcely  to  be  distinguished  from  a  quartzose  arenaceous  rock. 

I  would  also  call  attention  to  the  existence  in  the  great  porphyry 
dyke  of  greyish-green  spots  and  stripes,  similar  to  those  so  commonlv 
met  with  in  red  sandstones,  arising  probably  from  the  iron  in  both 
parts  being  in  different  states  of  oxidation.  The  change  firom  red  to 
the  grey  or  greenish  tint  has  been  ascribed  to  the  presence  of  decom- 
posed vegetable  matter'*';  but  it  is  evident  that  such  an  explanaticn 
will  not  apply  in  the  case  of  an  igneous  rock. 


2.  On  the  May-Hill  Sandstone,  and  the  PALiBOZOic  System  of 
the  British  Isles.  By  the  Rev.  Professor  Sedgwick,  F.R.S., 
F.G.S.,  &c. 

[Abstract.] 

In  a  former  communication  f  the  author  and  Professor  M'Coy  had 
shown  that  the  sandstone  of  May-Hill  contains  a  group  of  fo^s  of 
the  true  Wenlock  type,  and  that  it  must  therefore  be  cut  off  from 
the  Caradoc  sandstone,  and  arranged  with  the  base  of  the  Wenlock 
group ;  also  that  on  tiie  western  flank  of  the  Malverns,  the  upper 
portion  of  what  had  been  called  Caradoc  sandstone  is  the  equivalent 
of  the  May-Hill  sandstone.  In  the  present  paper  Professor  Sedgwick 
treated  of  the  Mathyrafal  and  Glyn  Ceiriog  sections,  on  the  east  side 
of  the  Berwvns,  and  sections  on  the  western  side,  together  with  the 
sections  of  the  Pentamerus  Umestone  of  Norbury  and  Linley,  on  the 
flanks  of  the  Longmynd ;  the  sections  of  Horderley,  the  Onny,  and 
of  Caer  Caradoc ;  and  lastly,  the  sections  of  Builth,  Llandovery,  and 
Llandeilo. 

From  the  examination  and  consideration  of  these  sections,  and  of 
their  fossil  evidences,  the  author  concludes  that  in  those  great  phy- 
sical regions  there  is  not  so  much  as  one  continuous  unbroken  section 
throughout  which  we  can  ascend  in  the  way  of  passage  from  the 

*  **  On  the  Colourinff-matter  of  Red  Sandstones  and  of  Greyish-white  Beds 
associated  with  them/'  by  John  William  Dawson. — Quarterly  Journal  of  the  Geo- 
logical Society,  vol.  v.  p.  25. 

t  Quart.  Joum.  Oeol.  Soc.  tol.  ix.  p.  215. 
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Cambrian  to  the  OTerlyine  Silurian  groups ; — that  there  is  a  physical 
break  between  them  exactly  on  the  horizon  of  the  May-Hill  sandstone ; 
— and  that,  in  exact  co-ordination  with  that  break  (often  distinctly 
marked  by  a  discordancy  in  the  position  of  the  beds)>  there  is  a  great 
change  in  the  fossil  species ;— thus  pointmg  out  the  true  physical 
and  palseontological  base  of  a  Silurian  system.  Professor  Sedgwick 
appended  a  corrected  tabular  arrangement  of  the  Palseozoic  rocks'*", 
in  accordance  with  the  above ;  and  concluded  with  some  remarks  on 
the  nomenclature  of  British  geology. 


May  10,  1854. 
The  following  communications  were  read : — 

1.  Postscript  to  Palichthyologic  Note,  No.  4t. 
By  Sir  P.  de  M.  Grey  Egerton,  Bart.,  M.P.,  F.R.S.,  F.G.S. 

It  haying  been  shown,  that,  in  accordance  with  the  established  rule 
of  priority  in  scientific  nomenclature,  the  generic  prefix  Tetrapono- 
lejns  is  appUcable  solely  to  those  species  which  coincide  in  generic 
character  with  the  typical  species  originally  described  by  Bronn,  which 
has  been  proyed  to  belong  to  the  Pycnodont  family,  it  becomes 
necessary  to  make  some  provision  for  the  remainder  of  the  spe- 
cies hitherto  classed  under  that  title,  but  which  undoubtedly  belong 
to  the  Lepidoid  family.  These  fishes  have  been  distinjBfuished  from 
those  of  the  eenus  Dapediua  mainly  by  the  character  of  their  teeth ; 
and,  although  that  character  is  shown  to  have  been  subject  to  occa- 
sional variations,  nevertheless  on  taking  a  comprehensive  view  of  all 
the  Dapedioid  species,  it  seems  to  have  been  sufficiently  constant  to 
warrant  the  continuance  of  the  separation  of  the  group  into  the  uni- 
cuspid  and  bicuspid  species.  With  this  view,  and  with  the  sanction 
of  Professor  Agassiz,  I  now  propose  the  generic  prefix  ^chmodus 
(from  aix/ii|9  apaint,  and  ohovsy  a  tooth)  for  the  unicuspid  species,  the 
bicuspid  species  continuing  as  formerly  under  the  genus  Dapediua. 


2.  Palichthyologic  Notes.  No.  6.  On  a  Fossil  Yism/romthe 
Upper  Beds  of  the  New  Red  Sandstone  at  Bromsgrove. 
By  Sir  P.  de  M.  Grey  Egerton,  Bart.,  M.P.,  F.R.S.,  F.G.S. 

[Plate  XI.] 

The  second  division  of  the  Lepidoid  family  of  fossil  fishes,  the  Go- 
noidei  homocerci,  is  distinguished  from  the  first,  or  Ganoidei  hetero- 
cercif  by  having  the  more  or  less  symmetrical  form  of  tail  common  to 
the  generality  of  existing  bony  fishes,  and  to  those  fossil  species  (with 
rare  exceptions)  found  in  strata  more  recent  than  the  Trias. 
Although  this  character,  derived  from  the  organization  of  the 

*  See  alio  Report  Brit.  Assoc  1853,  Transact.  Sect.  p.  55. 
t  Quart.  Joum.  Geol.  Soc.  toL  iz.  p.  274. 
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caudal  fin,  is  one  of  great  yalue  and  significance  in  the  detenninatioo 
of  yarious  genera  of  fossil  fishes,  it  is  nerertheless  necessary,  in 
drawing  general  conclusions,  to  he  careful  not  to  assign  to  it  more 
importance  than  it  is  strictly  entitled  to ;  for  we  find,  by  the  compa- 
rison of  several  genera,  that  it  is  not  one  of  those  wettniefined  tren- 
chant characters  which  can  be  affirmed  to  exist  or  not,  as  the  case 
may  be,  but  that  it  b  yariable  in  amount,  passing  from  extreme 
heteroeerey  to  absolute  homoeercy  by  a  sUding-scale  so  gradual,  that 
it  is  (at  all  events  in  fossil  examples)  most  dmcult  to  define  a  posi- 
tive line  of  demarcation  between  the  two  forms. 

The  researches  of  one  of  the  most  distinguished  naturalists  in  Eu- 
rope, Professor  Miiller,  tend  to  show  that  as  much  difficulty  pre- 
vails in  determining  this  point  in  recent  fishes ;  and  in  his  yalosble 
paper  on  the  structure  and  characters  of  the  Ganoidei^  communicated 
to  the  Academy  of  Sciences  at  Berlin  in  December  1844,  he  comes 
to  the  conclusion  that  heteroeerey,  anatomically  considered,  passes 
insensibly  into  homocerey.  As  a  proof  of  this  fact,  he  instances  the 
Sturgeon  among  Ganoid  fish  ;  which,  although  considered  to  be  hete- 
rocerquCy  is  shown  nevertheless,  on  dissection,  to  have  a  series  of  in- 
articulate cylindrical  spines  in  the  upper  lobe  of  the  tail  attached  to 
other  unarticulated  spmes,  placed  upon,  or  on  the  upper  surface  of^ 
the  chorda  dorsaUs,  of  similar  structure  to  those  given  off  from  the 
under  surface.  So  also  in  Plagxostomi  he  finds,  on  dissecting  a  hete- 
rocercal  Shark,  a  small  rudimental  fin  above  the  vertebral  column, 
corresponding  in  structure  to,  although  of  shorter  dimensions  than, 
that  proceeding  from  the  lower  portion  of  the  column. 

As,  however,  these  appearances  may  be  classed  with  numerous 
other  anatomical  facts  now  attributed  to  an  arrest  or  interruption  at 
various  stages  of  foetal  development,  attention  has  naturally  been 
directed  to  the  eridences  afforded  by  a  close  investigation  of  embryo- 
logical  phaenomena  with  reference  to  the  organization  of  the  distal 
extremity  of  the  vertebral  column  and  its  appendages.  One  of  the 
most  elaborate  works  hitherto  published  on  this  subject  is  that 
undertaken  by  M.  Vogt,  at  the  instigation  and  with  the  adrioe  of 
Professor  Agassiz,  on  the  embryology  of  the  Coregoni,  in  which  it  is 
clearly  demonstrated  that  the  tail  of  the  foetal  fish,  in  passing  from 
the  embryonic  to  the  perfect  state,  undergoes  a  gradual  transition 
from  the  heterocerque  to  the  homocerque  condition. 

In  addition  to  the  facts  so  beautiftdly  detailed  and  figured  in  this 
publication,  I  am  informed  in  a  letter  recently  received  from  Professor 
Agassiz,  that  he  has  ascertained  some  further  points  of  high  import- 
anee  in  the  investigation  of  the  embryology  of  the  genus  Lepidotva, 
which  I  trust  may  soon  be  made  pubuc. 

These  remarks  have  been  instigated  by  the  examination  of  a  most 
sin&;ular  fossil  fish  lately  discovered  by  the  active  and  inteUigent 
eolfector  of  the  Geological  Survey  in  the  upper  strata  of  the  New 
Bed  Sandstone  at  Bromsgrove,  and  which  I  now  proceed  to  de- 
scribe. 
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DiPTERONOTUS  CYPBU8.     (From  the  Bunter  of  Bromsgroye.) 

Gen,  char.  Head  diminutiTe ;   body  short  and  deep ;   back  steeply 
yaulted ;  two  dorsal  fins ;  tail  homocerque ;  scales  ganoid. 

The  singular  features  (not  to  saj  deformities)  of  this  remarkable 
fish  are  so  striking  and  uncommon,  that,  while  on  the  one  hand  they 
designate  it  as  a  new  generic  form,  on  the  other  they  leave  it  in 
doubt  to  what  family  it  belongs.  Affinities  it  has  none  with  any 
fossil  fish  hitherto  known.  It  b  difficult  for  mere  T^ords  to  convey 
any  idea  of  its  peculiarities.  To  conceive  a  small  Platysomus  with  a 
diminutive  head,  and  a  back  exalted  into  a  dome  proportionately  as 
large  or  larger  than  the  hump  of  a  Camel,  with  an  angular  fin  perched 
on  its  summit,  and  a  second  fin  of  similar  form  behmd  it,  is  a  consi- 
derable stretch  of  imagination,  but  yet  is  inadequate  to  portray  all 
the  eccentricities  of  tms  curious  fossil.  Unless  I  am  mistaken,  its 
character  is  still  further  complicated  by  a  caudal  fin,  almost  if  not 
quite  homocercal !  and  this  in  a  fish  of  the  age  of  the  Bunter  Sand- 
stone !  Whether  this  be  so  or  not,  the  peculiar  characters  of  the 
doable  dorsal  fin  will  at  once  arrest  the  attention  of  ichthyologists,  as 
of  unusual  occurrence  in  the  fishes  of  the  mesozoic  strata.  Amone 
the  earUer  races  of  fishes  of  the  families  Sauraidei-dipterini  and 
Cmlaeanthiy  the  occurrence  of  the  double  dorsal  b  the  rule  and  not 
the  exception ;  but  it  b  generally  associated  with  a  double  anal,  and 
b  one  of  those  embryonic  features  rendered  permanent,  which  we 
also  recognize  in  the  persbtence  of  the  notocnord  and  the  various 
gradations  of  ossification  in  the  vertebral  elements.  The  Acantho- 
deian  genus  DiplacoHthus,  it  b  true,  exhibits  two  dbtinct  dorsal  fins, 
but  the  fins  of  thb  family,  with  the  exception  of  the  abnormal  genus 
Cheirolepis,  are  membranous,  and  supported  by  ichthyodorulites,  not 
jointed  at  the  base,  as  in  the  spines  of  all  bony  fishes,  but  plunged 
into  the  int^uments,  as  in  Spinax  and  other  Placoid  genera.  In 
the  remaining  families  of  the  Ganoids,  there  b  no  instance  of  a  double 
dorsal,  as  far  as  b  yet  known,  in  the  Sauroidei  and  Pycnodonti ;  and 
only  two  small  genera  in  the  Lepidoidei,  vb.  Notagogua  and  Pro- 
pterus,  from  the  upper  Oolites  of  Kelheim,  in  which  thb  peculiarity 
obtains. 

The  occurrence,  in  an  older  deposit  than  the  Lias,  of  a  Ganoid  fish 
having  a  homocerque  tail,  forms  an  exception  to  the  ordinary  rule 
founded  by  Agassb  as  the  result  of  hb  past  experience  in  the  study 
of  fossil  ichthyology.  One  single  instance  came  under  hb  notice  of 
a  heterocerque  genus  above  the  Lias,  but  no  case  of  a  homocerque  fish 
beneath  that  formation.  The  remarkable  genus  DotyptentSy  found 
in  the  Kupfer-Schiefer  of  Mansfeld,  b  described  by  Prof.  Germar 
as  having  a  homocerque  tail,  but  there  b  some  doubt  of  the  fact  from 
the  imperfect  condition  of  die  only  specimen  he  had  examined. 

Description, — Thb  fish  measures  3  inches  in  leneth  from  the 
point  of  the  nose  to  the  fork  of  the  tail,  and  If  inch  in  depth  from 
the  base  of  the  anterior  dorsal  fin  to  the  insertion  of  the  ventral  fin. 
The  head  b  very  diminutive,  and  measures  only  4  of  an  inch  in 
length  by  I  in  depth.     It  projects  in  a  remarkable  manner  from 
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the  general  contour  of  the  body,  reminding  one  somewhat  of  the  head 
of  a  Tortoise  exserted  below  a  high-back^  carapace.  In  form  it  is 
not  unlike  the  head  of  a  LeucUcus  of  the  present  day.  The  moath 
is  small,  and  to  all  appearance  edentulous,  but  of  this  fact  there  is 
not  sufficient  evidence,  from  the  imperfect  condition  of  this  part  of 
the  specimen.  The  orbit  is  proportionatelj  large.  The  preopercii- 
lum  IS  broad,  of  a  semilunar  outline  and  rough  exterior.  The  oper- 
culum and  suboperculum  are  comparativelj  small. 

The  junction  of  the  head  and  neck  describes  an  obtuse  angle,  from 
which  point  the  back  rises  abruptly  for  more  than  an  inch,  and  then 
slopes  backwards  and  downwards  to  the  base  of  the  tail.  The  Yentral 
line  forms  a  gentle  curve  from  the  lower  jaw  to  the  tail.  No  parts 
of  the  internal  skeleton  are  preserved. 

The  pectoral  fins  are  deficient.  The  ventral  fins  are  indistinct, 
but  their  position  is  clearly  shown,  exactly  at  the  middle  distance  be- 
tween the  nose  and  the  tail. 

The  first  dorsal  fin  is  rather  mutilated.  It  contains  six  or  sevoi 
rays,  of  which  the  fourth  is  the  longest,  the  anterior  ones  being  of 
graduated  lengths.  The  second  dorsal  fin  is  composed  of  at  least 
twenty  rays,  the  sixth  being  the  longest.  The  anterior  rays  or  spines 
of  both  fins  are  composed  of  a  hard  lustrous  ganoine,  similar  to  the 
outer  layer  of  the  scales,  and  are  sharpened  at  the  points.  The  suc- 
ceeding rays  are  flattened  laterally,  and  are  coated  with  similtr 
eanoine ;  they  appear  consequently  outwardly  to  be  single  and  entire, 
but  on  close  inspection  traces  of  the  transverse  articulations  are 
visible  beneath  the  superficial  layer.  Their  extremities  appear  to  have 
been  dichotomous,  but,  in  consequence  of  their  more  delicate  and 
perishable  structure,  Uie  only  remaining  trace  of  these  parts  is  a 
stain  on  the  matrix  in  which  they  reposed.  The  base  only  of  the 
anal  fin  remains.  It  contains  about  eight  rays,  of  similar  structure 
and  arrangement  to  those  of  the  dorsu  fin.  It  is  situated  nearer 
the  tail  than  to  the  ventral  fins. 

The  caudal  fin  is  forked,  and  is  composed  of  two  very  distinct 
lobes,  connected  by  a  few  distant  rays,  forming  the  centre  of  this 
organ.  The  upper  lobe  consists  of  twelve  rays,  with  frequent  trans- 
verse articulations  and  fimbriated  extremities.  They  converge  at  the 
base,  and  appear  to  have  been  supported  by  a  process  or  processes 
giveu  off  from  the  upper  surface  of  the  vertebral  column.  In  the 
lower  lobe  I  count  eleven  similar  rays,  apparently  similarly  divergent 
from  the  under  surface  of  the  column.  The  central  portion  of  the 
fin  is  filled  up  by  five  or  six  weak  rays,  which  subdivide  at  a  short 
distance  from  their  bases.  The  scales  project  slightly  over  each  lobe 
of  the  tail,  the  extreme  ones  being  in  the  centre  of  the  upper  lobe, 
and  not  on  the  upper  margin,  as  in  a  true  heteroceroue  tail. 

The  dermal  investment  is  of  great  strength  and  solidity.  The 
scales  are  numerous,  and  provided  with  a  thick  coat  of  ganoine.  They 
are  also  firmly  interlocked  and  strengthened  by  an  unusually  laige 
overlap.  The  exposed  parts,  in  consequence  of  the  latter  provision, 
are  high  and  narrow,  except  in  the  vicinity  of  the  tail,  where  they 
are  more  lozenge-shaped.    The  surface  of  the  enamel  is  very  uneven, 
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and  the  free  edges  of  the  scales  are  rudely  and  irregularly  notched. 
The  mode  of  articulation  is  not  very  well  seen,  but  it  appears  to  have 
been  by  means  of  a  broad  central  rib,  somewhat  resembling  this 
arrangement  in  the  genus  Aspidorhynchua,  and  not  by  means  of  a 
margmal  rib,  as  in  the  Pycnodonts.  There  are  fourteen  rows  in  the 
doTso-yentral  series,  and  thirty-four  in  the  longitudinal  direction. 
The  lateral  duct  pierces  a  row  of  broad  scales  extending  from  the 
upper  margin  of  tne  opercular  apparatus  to  the  centre  of  the  tail. 

The  chmcters  described  in  the  foregoing  details  show  Diptero- 
noius  to  be  a  member  of  the  Lepidoid  family  of  Ganoids.  Its  posi- 
tion in  that  family  cannot  be  assigned  with  any  degree  of  certainty ; 
but  it  may  at  all  erents  be  provisionally  arranged  near  the  genus 
Burynottu. 

I  may  add  that,  having  forwarded  to  Professor  A^assiz  a  drawing 
of  the  tail,  together  with  my  reasons  for  considering  it  a  homocerque 
form,  he  has  kindly  repUea  to  me  as  follows : — "  I  see  no  sort  of 
reason  to  place  it  anywhere  except  among  homocerques ;  it  is  not 
even  as  much  heterocerque  as  some  I  have  previously  referred  to  that 
[homocerque]  division. 

DESCRIPTION  OF  PLATE  XI. 

Fig.  I.  Dipteronotui  cyphos,  nat.  size. 
Fig.  2.  Caudal  extremity,  magnified. 


3.  Pai«icuthyologic  Notes.  No.  7.  On  Two  new  Species  of 
Lepidotus yrom  the  Deccan.  By  Sir  P.  de  M.  Grey  Eger- 
TON,  Bart.,  M.P.,  F.R.S.,  F.G.S. 

[Plate  XII.] 

The  discovery  of  remains  of  fossil  fishes  in  the  tahle-land  of  the 
Deccan  was  first  brought  under  the  notice  of  the  Geological  Society 
in  1851  bv  Colonel  Svkes*.  The  only  specimen  he  had  then  re- 
ceived sufficiently  perrect  for  description,  proved  to  be  a  new  spe- 
cies of  the  genus  Lepidotus.  In  tne  course  of  last  yearf  further 
specimens  were  received  from  the  same  district,  but  apparently  from 
a  different  bed,  which  indicated  a  new  species  of  the  genus  Tetrago* 
nolepis  of  Agassiz,  now  ^chmodua  {vide  supra,  p.  367). 

The  specimens  described  in  this  memoir  were  sent  to  me  a  few 
days  since  by  Colonel  Sykes.  They  are  bedded  in  a  similar  bitumi- 
nous shale  to  that  containing  Lepidotua  Deccanenais,  and  are  stated 
to  have  been  found  in  the  same  locality.  They  are  both  clearly 
distinct  from  that  species  and  from  each  other,  although  they  all 
possess  in  common  the  characteristics  of  the  Liassic  section  of  the 
genus  Lepidotus. 

Lepidotus  longiceps,  Egerton.    Plate  XII.  6g.  1. 

There  are  two  specimens  assignable  to  this  species;  one  much 
mutilated,  the  other  very  perfect,  with  the  exception  of  the  tail.  The 
*  Quart.  Journ.  Geol.  Soc.  vol.  vii.  p.  272.  f  See  ibid,  vol.  ix.  p.  351. 
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length  of  the  latter  fish  is  9i  inches ;  of  this  the  head  occupies  within 
a  fraction  of  3|  inches,  or  more  than  one-third.  The  greatest  depth 
of  the  body  is  3  inches.  The  form  of  the  head  is  elongated,  and  the 
rostral  portion  is  more  acutely  produced  than  is  usual  in  this  genus. 
The  lower  jaw  is  of  ecjual  length  with  the  upper  jaw,  and  they  are 
both  armea  with  similarly  proportioned  teeth,  of  a  conical  form; 
those  in  the  anterior  portion  of  the  jaws  being  more  elongated  tbsn 
the  more  remote  ones. 

The  cranial  and  opercular  bones  are  of  considerable  thickness,  and 
are  invested  with  a  very  compact  enamelled  casing.  Small  isolated 
granules  of  shining  ganoine  are  irregularly  scattered  oyer  their  sor- 
nice.  The  preoperculum  differs  from  the  other  opercular  plates  in 
having  a  more  rugged  and  uneven  surface. 

The  bones  constituting  the  thoracic  arch  are  of  considerable  sub- 
stance, more  especially  the  coracoid  bone,  which  is  venr  strong  and 
flattened  out  at  its  posterior  marein.  Immediately  behind  the  hu- 
meral bones  two  or  three  broad  irregularly-shaped  scales  oocor, 
coarsely  notched  on  their  hinder  margins,  and  covered  with  an  un- 
usually thick  coating  of  ganoine. 

The  pectoral  fins  are  about  2  inches  in  length.  The  rays  com- 
posing them  are  numerous,  but  not  remarkably  strong.  The  ventral 
fins  are  inserted  about  half-way  between  the  pectoral  and  anal  fins. 
The  latter  fin  is  situated  near  the  tail.  It  is  composed  of  ten  rays, 
the  anterior  one  being  fringed  with  a  set  of  oblique  osselets  along  its 
border.  The  rays  have  frequent  transverse  articulations,  and  are 
much  subdivided  in  the  expanded  portion  of  the  fin. 

The  dorsal  fin,  as  generally  happens  in  this  genus,  occupies  a  re- 
mote position,  commencing  at  a  point  behind  the  insertion  of  the 
ventral  fins,  and  extending  beyond  the  anterior  rays  of  the  anal  fin. 
It  contains  twelve  rays,  corresponding  very  closely  in  form  and  dimen- 
sions with  those  of  the  anal  fin.  A  similar  bordure  of  fulcral  osselets 
characterizes  the  anterior  ray.  Nothing  remains  of  the  caudal  fin 
save  two  or  three  of  the  elongated  scales,  indicating  the  commence- 
ment of  its  superior  lobe. 

The  scales  are  for  the  most  part  smaller  and  more  rectangular  than 
those  of  LepidotuB  Deecaneims,  The  dorso-ventral  series  contain 
about  twenty,  the  longitudinal  series  about  thirty.  On  receding 
from  the  head  they  gradually  lose  their  rectangular  outline  and  be- 
come more  and  more  rhomboidal.  A  few  scales  in  the  vicinity  of  the 
coracoid  bone  are  considerably  larger  than  those  in  any  other  region 
of  the  body.  Where  the  outer  si]^ace  of  the  scale  is  preserved,  it  is 
seen  to  be  distinctly  radiated,  and  pectinated  on  the  posterior  margm. 

In  general  appearance  this  species,  although  belonging  to  the  more 
elongated  group  of  the  genus,  is  not  so  slender  as  L^pidotus  peeti- 
natus  or  L^M>tus  Deceanensis.  Its  most  striking  feature  is  the 
unusually  large  proportion  of  the  head  to  the  totid  length.  This 
peculiarity  serves  to  distinguish  it  from  all  the  species  lutherto  de- 
scribed, and  has  suggested  the  propriety  of  the  specific  i^pellation. 

Lepidotus  breviceps,  Egerton.     Plate  XII.  fig.  2. 
The  evidence  of  a  second  species  of  Lepidotus  among  the  ichthyo- 
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ceiyed  by  Colonel  Sykes  is  pretty  clear,  although  the 
ding  it  are  deficient  in  many  details.  One  specimen 
)art  contain  a  head  and  a  small  portion  of  the  body; 
en  shows  the  impression  of  the  trunk  as  far  as  the 
and  its  mutilated  counterpart  contains  the  base  of 
be  scales  of  the  anterior  and  middle  portion  of  the 
le  exception  of  a  few  scattered  rays,  all  the  fins  are 

f  the  fish,  from  the  nose  to  the  base  of  the  tail,  is  7 

atest  depth  being  2\  inches.     The  head  measures  2^ 

lian  one-third  of  the  entire  length.     It  will  be  seen, 

bese  dimensions  with  those  of  other  species  of  Lepi- 

I  is  one  of  the  smaller  species  of  the  genus. 

jform  it  veiT  much  resembles  the  American  genus 

nd  indeed  m  size  it  corresponds  pretty  nearly  with 

^ens  of  Isehypterus  Julius.    The  muzzle  is  pointed, 

Icutely  as  that  of  the  species  last  described;   the 

ffBoal  bones  are  shorter,  but  the  opercular  bones  are 

larger.    The  form  of  the  trunk  is  remarkable  for  the 

I  of  the  back,  in  front  of  the  position  of  the  dorsal  fin. 

bones  are  more  profusely  ornamented  than  those  of 

ieepa.  Although  a  few  similarly  isolated  granules  occur 

these  are  associated  with  a  surface-ornament  of  larger 

I  in  some  places  become  confluent.    The  preoperculum 

Bess,  a  more  even  surface  than  in  that  species.    The 

» are  shorter,  and  the  teeth  less  elongated.    The  frontal 

coarsely  corrugated  exterior,  beset  with  pustuliform 

er  size  than  those  on  the  surface  of  the  opercular  bones. 

[  bone  is  less  flattened  than  in  the  former  species.    The 

"[  in  size,  and  are  entirely  devoid  of  pattern  on  their 

i  have  they  any  serrations  on  the  posterior  margin.     In 

they  afford  a  good  distinctive  cnaracter  from  those  of 

ngiceps. 

to  the  specimens  enumerated  above,  firom  the  bitumi- 

le  collection  contains  a  fragment  of  a  large  Lepidotus, 

^om  a  bed  of  compact  argillaceous  limestone,  similar  to 

'ng  the  specimen  of  ^chmodua  Egertani  described  last 

I  may  possibly  indicate  another  species. 

worthy  of  remark  that  the  genur  Lepidotus  has  the 

^ve  geographical  ranee  of  any  genus  of  fossil  fish  with 

are  acquainted.     It  has  representatives  from  Ensland, 

idities  in  France  and  Germany,  from  Switzerland  the 

abardy,  Naples,  Greece,  the  Brazils,  and  from  Central 

I  stratigra])hical  ran^  is  also  extensive,  viz.  firom  the  Lias 

*   !  Grossier,  both  mclusive. 

DESCRIPTION  OF  PLATE  XII. 

Fig.  1.  Lepidotot  longioeps,  nat.  size. 
Fig.  2.  Lepidotus  breviceps,  nat.  size. 

r  Ejfertom,  Sykes ;  Quart.  Journ.  GeoL  Soc  vol.  ix.  p.  351. 
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Note  on  the  Fossils yront  Kotah,  Dbccan. 

The  ichthyolites  above-described  were  forwarded  to  Col.  Sjkes  bj 
Dr.  T.  L.  Bell,  in  the  summer  of  1853 ;  and  in  a  letter  dated 
Jalj  1 2th9  1853,  Dr.  Bell  states  that  these  specimens  were  tak&i  from 
the  same  spot  at  Kotah*  from  which  those  preyionsly  sent  were 
obtained. 

The  specimens  of  bituminous  shale  contain,  besides  the  fish-remains, 
some  ooprolites  and  some  traces  of  plants.  There  are  also  four 
specimens  of  impure  limestone  with  fish-remains  {LepidotuM  and 
mchmodus). 

Some  small  pieces  of  a  reddish,  friable,  coarse  sandstone  or  grit, 
containing  obscure  traces  of  wood,  accompany  the  above,  and  are 
mentioned  as  having  been  obtained  about  200  yards  further  up  the 
river,  where  this  is  me  surface-rock,  and  rests  upon  limestone.  The 
specimen  sent  of  the  latter  is  similar  to  the  limestone  with  fish- 
remains  above-mentioned,  and  to  that  referred  to  in  the  former 
noticesf. 

Dr.  Bell  also  forwarded  with  the  above  several  fragments  of  dark 
clav-slates,  and  of  a  black  micaceous  quartzy  schist  with  a  coarsely 
wnnkled  surface  and  obscure  vermiform  markings.  These  specimens, 
he  observes,  "were  collected  fifteen  miles  N.E.  from  Kotah,  at  the 
foot  of  a  range  of  hills,  400  feet  high,  whose  general  direction  is 
parallel  to  the  other  hills  at  Kotah  and  in  the  surrounding  country, 
out  with  an  underlving  stratum  of  day-slate,  which  has  a  dip  directly 
opposite  to  that  of  the  underlying  strata  at  Kotah.  This  day-slate 
is  very  extensive ;  I  traced  it  untu  it  was  lost  beneath  the  sandstone 
range.  The  layers  composing  it  are  extremely  fissile  and  break  ap 
into  rhomboidiu  masses  soon  after  exposure.  I  observed,  whfle 
tracing  it,  evidence  of  disturbance  in  the  form  of  a  fault  in  one  case, 
and  a  bend  in  another,  separated  from  each  other  by  about  800 
yards." 


4.  Palichthyoloqic  Notes.  No.  8.  On  some  Ichthyolites 
from  the  NuMMULiTic  Limestone  o^  the  Mokattam  Hills, 
near  Cairo.  By  Sir  Philip  de  M.  Grey  Egerton,  Bart, 
M.P.,  F.R.S.,  F.G.S. 

[Plate  XIII.] 

The  fish-remains  contained  in  the  six  spedmens  submitted  to 
me  by  Mr.  Homer  for  examination  are  derived  from  not  fewer  than 
sixteen  individuals. 

With  the  exception  of  one  mutilated  tail,  the  posterior  portions  of 
all  are  defident.  The  cranial  bones  are  for  the  most  part  in  good  pre- 
servation; some  of  the  fins  are  also  well  shown,  more  especially  those 
parts  composed  of  hard  spines.    The  teeth  and  scales  are  also  u 

*  See  Quart.  Joom.  Geol.  Soc.  vol.  vii.  p.  272,  vol.  Tiii.  p.  230,  uid  voL  ix. 
p.  351.  f  Loe.  eit. 
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perfect  condition.  The  anterior  portion  of  the  endo-skeleton  is 
^Usplayed  in  several  of  the  specimens,  together  with  the  dermal  appa- 
ratus for  supporting  the  dorsal  and  anal  fins.  Unfortunately  the 
precise  character  of  the  dorsal  fin  is  not  recognizable,  nor  can  the 
soft  rays  of  any  of  the  fins  be  counted  with  accuracy.  The  branchio- 
st^ous  rays  are  also  indefinable,  both  as  to  form  and  number ;  and 
the  vomer  and  palatine  bones  are  not  visible. 

These  deficiencies  render  doubtful  the  determination  of  the  family 
or  genus  to  which  the  species  is  to  be  referred.  Enough,  however,  is 
preserved  to  afford,  if  not  conclusive  evidence,  at  all  events  an 
approximation  to  the  truth. 

There  is  no  question  but  that  all  the  specimens  belong  to  one  and 
the  same  species,  and  the  crowded  position  of  their  remains  warrants 
the  conclusion  that  it  was  a  gregarious  species.  The  characters  of 
the  scales  and  fin-rays  determme  it  to  be  a  true  Ctenoid  of  Agassiz, 
or  Acanthopteroid  of  MuUer,  and  belonging  to  one  of  the  most 
typical  families  of  the  Order. 

In  the  absence  of  the  materials  above  alluded  to,  the  preoperculum, 
which  b  well  seen  in  several  of  the  specimens,  is  a  feature  of  some 
consequence.  This  bone,  as  in  the  true  Perches  and  the  Scisenoids, 
is  serrated  on  its  outer  margin  ;  a  character  which  is  not  found  in  any 
of  the  Sparoid  family.  These  serrations  on  the  posterior  border  are 
Tery  decided  and  regular,  and  have  their  points  directed  upwards.  At 
the  angle  of  the  bone  are  five  or  six  strong  diverging  spurs,  forming 
a  powerful  armature  to  this  portion  of  the  opercmar  flap.  These  are 
succeeded  on  the  lower  margin  by  a  series  of  sharp  points  directed 
forwards,  and  diminbhing  in  sbe  until  they  become  obsolete  at  the 
anterior  angles. 

I  have  hem  unable  to  discover  a  similarly  constructed  preoperculum 
in  any  genus  of  the  Percoid  family.  In  Perca  the  strongest  spurs 
are  at  the  anterior  angle  of  the  lower  border,  and  the  serrations  on  the 
posterior  angle  are  small  and  insular.  In  Cyclopoma  and  Labrax,  the 
same.  Late^  and  Holocentrum  have  a  single  spur  at  the  posterior 
angle.  Enoplasus  has  fine  serrations  on  the  posterior  margin,  and 
those  on  the  lower  margin,  although  strongjer,  are  directed  backwards. 
In  Serranus  the  serrations  are  fine  and  uniform. 

In  the  Scisenoid  family  the  preoperculum  b  serrated,  but  not  so 
strongly  as  in  the  Perches.  The  Labroids  have  no  serrations  on  the 
openmiar  bones. 

It  appears  hence  that  the  preoperculum  in  the  Egyptian  fish, 
although  more  nearly  resembling  the  forms  of  that  bone  prevailing 
in  the  family  of  the  Perches  than  in  the  Labroids  and  Scieenoids,  has 
nevertheless  an  appropriate  form,  differing  from  that  found  in  any 
known  genus  of  that  family.  The  operculum  seems  to  have  had  a 
similar  outline  to  that  of  our  common  Perca  fluviatilis ;  but,  as  the 
margin  is  imperfect,  it  b  uncertain  whether  the  posterior  angle  was 
so  much  produced. 

Assumme  then  that  the  fossil  as  regards  the  preoperculum  is  more 
nearly  allied  to  the  Percoids  than  to  any  other  family,  we  must  con- 
sider how  far  the  other  details  will  bear  out  that  assumption.    The 
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dorsal  fin  is  unfortunately  incomplete.  There  is  evidence  to  proTe, 
however,  that  it  was  a  continuous  fin,  the  anterior  or  spiny  portion 
containing  not  less  than  ten  rays,  and  the  hinder  portion  at  least 
eleven,  probably  more  (fig.  4) .  The  interapophysial  plates  supporting 
the  spines  are  broad  and  equidistant,  with  the  exception  of  die  three 
anterior,  which  are  slender  and  not  bladed.  Of  these  one  is  unarmed 
between  the  occiput  and  the  fin,  and  the  succeeding  two  contribute 
to  the  support  of  the  anterior  spine.  The  osselets  baring  the  hinder 
portion  of  the  fin  are  more  closely  set.  The  spines  are  compressed 
laterally,  having  a  sharp  edge  to  the  front.  The  third  from  the 
front  is  the  longest  ana  strongest,  and  the  second  and  fourth  are 
recessed  to  accommodate  its  expanded  base.  They  are  all  more  or  less 
irregularly  grooved  or  striated  m  the  longitudinal  direction.  The  fin, 
when  fully  expanded,  had  a  forward  inclination.  In  many  of  the 
preceding  details  we  find  a  much  nearer  approach  to  the  dorsal  fin  of 
the  Scisenoids,  and  especially  to  the  genus  Pristipoma,  than  to  any 
of  the  Percoid  genera. 

The  pectoral  fins  are  nowhere  preserved.  The  ventral  fins  are 
thoracic.  They  consist  of  one  long  sharp  spine  and  about  eight  rays, 
supported  on  pelvic  bones  of  considerable  size.  The  coracoids  have 
a  roughly  corrugated  surface,  but  are  devoid  of  the  transverse  plate 
so  largely  developed  in  the  genus  Perca. 

The  anal  fin  is  one  of  a  formidable  character.  It  has  a  short  strong 
Mend  spur  at  its  base,  succeeded  by  a  powerful  spine  of  great  strength, 
backed  up  by  a  second  spine  of  inferior  size.  These  are  succeeded  by 
a  few  soft  rays.  The  bones  giving  support  to  this  fin  are  of  corre- 
sponding strength.  The  Percoid  genus  Holocentrum  and  the  Sdsenoid 
Pristipoma  are  the  only  examples  I  am  acquainted  with  having  anal 
fins  so  powerfully  armed. 

The  tail  had  nine  principal  rays  in  the  upper  lobe  and  eig^t  in  the 
lower.    The  extremities  are  deficient. 

The  coihcidences  between  the  characters  of  the  dorsal  fin  with  the 
Pristipomes  are  fully  carried  out  in  the  other  locomotive  orsans. 

We  come  now  to  the  most  remarkable  feature  of  this  fossiJ^  namdy 
the  dentition.  The  dentigerous  bones  visible  are  the  premaxiDaiy 
and  submaxillary.  These  are  furnished  with  an  outer  range  of  dosety 
set,  r^ular,  strong,  conical  teeth,  with  sharp  recurved  points  and 
expanded  bases,  succeeded  by  nmks  of  sunilarly  formed,  thougli 
smaller  teeth.  Those  of  the  principal  range  near  the  symphysis 
although  rather  larger  than  the  oth^ts,  do  not  project  as  in  Dentex, 
Pagrus,  and  Lethrinus ;  nor  are  larger  teeth  intercalated  as  in  the 
Serrani,  Whether  the  vomer,  palatines,  and  pterygoids  were  denti- 
gerous or  not,  there  is  no  evidence  to  determine ;  but  the  branchial 
arches  were  decidedly  so.  In  most  of  the  specimens,  the  osselets 
composing  this  apparatus  are  seen,  owing  to  the  absence  of  the  ope^ 
cular  flap,  and  in  each  case  they  are  confusedly  mingled  with  multi- 
tudes of  conical  teeth,  of  analogous  form  to  those  constituting  the 
true  dental  series.  The  form  of  these  teeth  is  not  unlike  a  miniature 
representation  of  the  canine  teeth  in  Ursw. 

On  comparing  the  dentition  of  this  curious  fish  with  anakgoos 
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forms,  it  appears  that  in  this  respect  it  differs  materially  from  the 
fiamlj  of  the  Percoids ;  one  of  the  leading  characters  of  that  family 
being  the  having  dents  en  brosse,  or,  as  Professor  O^en  expresses  it, 
**  small,  numerous,  and  closely  aggregated  teeth,  resembling  the  plush 
or  pile  of  velvet.'*  The  teeth  of  some  of  the  Sparoids  have  a  strong 
resemblance  to  the  fossil ;  but  the  serrated  preoperculum  forbids  its 
approach  to  that  family.  The  dentition  of  the  Scisenoids  varies  much 
in  character,  almost  to  the  two  extremes  of  dents  en  pavi  and  dents 
en  velours^  so  that,  on  the  whole,  the  dentition  of  the  fossil  is  such  as 
might  exist  in  a  Scieenoid  genus.  But  one  of  the  main  characteristics 
of  the  Scisenoids  is  the  prevalence  of  numerous  mucous  ducts  tra- 
Tersing  the  bones  of  the  face  and  jaws,  and  in  this  respect  the  fossil 
18  irreconcileable  with  this  family.  Neither  does  it  appear  that  the 
opercular  apparatus  was  invested  with  scales,  as  in  the  Scisenidse. 

I  abstain  from  entering  upon  a  detailed  description  of  the  cranial 
osteology  of  the  fossil,  since  the  foregoing  remarks  have  rather  refer- 
ence to  the  family  affinities  than  to  specific  differences.  I  will  only, 
therefore,  further  notice,  that  the  lower  jaws  were  shorter  and  deeper, 
the  premaxillary  bones  also  shorter  and  stronger,  and  the  maxillary 
bones  thicker  and  broader,  than  in  the  Perches.  These  variatioi^s 
are  in  strict  accordance  with  the  altered  character  of  the  dentition. 
The  edges  of  the  scales  are  very  finelv  serrated,  their  bases  are  large 
and  fluted,  and  the  overlap  considerable. 

Briefly  to  recapitulate,  it  appears  that  the  Mokattam  fish  had  a 
dose  resemblance  to  the  Sciaenoids,  and  particularly  to  the  genus 
Pristipoma,  in  tl^  characters  of  the  organs  of  locomotion,  and  in  the 
general  form  of  the  trunk ;  but  that  in  the  opercular  apparatus  and 
osteology  of  the  cranium  it  more  nearly  approaches  tne  Percoids. 
The  dentition  differs  from  both,  and  recalls  that  of  some  of  the 


Professor  Hermann  von  Meyer  has  described  a  fish  from  the  same 
locality  under  the  name  of  Perca  Lorenti,  Although  the  specimen 
figured  is  much  smaller  and  less  perfect  than  Mr.  Homer's  specimens, 
I  incline  to  beheve  it  is  one  of  the  same  kind,  from  the  following 
expression  used  in  describing  the  teeth — ''der  Fisch  mit  kleinen 
tpitz'konisehen  Zahnchen  bewaffnet  war^." 

DESCRIPTION  OF  PLATE  XIII. 

Fig.  1.  Held,  showing  the  dentitioii.  Fig.  8.  PremasdlUuy  teeth,  magnified. 

Fig.  2.  Preopercnlnm.  Fig.  9.  Lower  maxillaiy  teeth,  mag- 
Fig.  3.  Anterior  part  of  the  dorul  fin.  nified. 

Fig.  4.  Bdiddle  part  of  the  dorul  fin.  Fig.  10.  Branchiottegoos  teeth,  mag- 
Fig.  5.  Ventral  fins.  nified. 

Fig.  6.  Anal  fin.  Fig.  II.  Scale,  magnified. 
Fig.  7.  Caudal  extremity. 

Note  by  Mr.  Homer. — Beine  engaged  in  an  inquiry  into  the 
geoloeical  structure  of  the  Nile  Valley  in  Lower  Egypt,  I  wrote  to 
my  fhend  Mr.  Jesse,  then  engaged  with  the  construction  of  the  rail- 

*  Palaeontographica,  vol.  L  page  105. 
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road  between  Alexandria  and  Cairo,  requesting  him  to  procure  for 
me  as  many  organic  remains  as  he  could  from  the  Nnmnulite  lime- 
stone of  the  Mokattam  range,  at  the  foot  of  which  Cairo  is  situated* 
He  kindly  complied  widi  my  request,  and  among  other  specimens 
which  he  sent  there  were  some  Ichthyolites.  These  I  was  anxious 
to  have  exanuned  by  my  friend  Sir  Philip  Egerton,  our  hi^est 
authority  in  this  country  in  that  branch  of  PfliKontolo^.  with 
his  usual  readiness,  he  has  given  me  the  benefit  of  his  opinion ;  and 
I  was  desirous  that  his  valuable  communication  should  at  once  be 
made  known  to  the  Geological  Society. — Leonard  Horner. 


5.  Contributions  to  Fossil  Entomology. 
By  J.  O.  Westwood,  Esq.,  F.L.S.  &c. 

[Communictted  by  the  Rev.  P.  B.  Brodie,  F.G.S.] 

[Plates  XIV.  XV,  XVI.  XVII.  XVIII.] 

,  Contents. 

Introduction. 
•  I.  Fossil  Beetle  from  the  Stonesfield  Slate. 
11.  Large  Dragon-fly  from  the  Stonesfield  Slate. 

III.  Supposed  Insect  from  the  Lias. 

IV.  Insect-remains  from  the  Tertiary  day  near  Corfe. 

v.  Supposed  Insect-remains  frt>m  the  Hastings  Sands  of  Swanage  Bay. 
VI.  Fossil  Insects  frt>m  the  Middle  Purbecks  of  Dorsetshire,  collected  hy  the 

Rev.  P.  B.  Brodie. 
VII.  Fossil  Insects  frx>m  the  Ridgway  quarries,  collected  by  the  Rey.  O.  Fisher. 
VIII.  Fossil  Elytron  friom  Dnrdlestone  Bay,  belonging  to  Capt.  Woodley. 
IX.  Fossil  Insects  from  the  Lower  Purbecks  of  Divdlestone  Bay,  coUected  by 

Mr.  WiUcox. 
X.  Fossil  Insecu  from  the  Lower  Purbecks  of  Durdlestone  Bay,  collected  by 
Mr.  W.  R.  Brodie. 
XI.  Fossil  Insects  from  the  Lower  Purbecks  of  Durdlestone  Bay,  collected  by 
the  Rev.  P.  B.  Brodie. 
Summary,  and  Explanation  of  the  Plates. 

Note.—F<a  the  generic  snd  qpedfle  appeUatioiu,  tee  "  Explanatioii  of  PUUe».*' 

The  valuable  contributions  to  our  knowledge  of  fossil  entomolo^ 
recently  published  on  the  Continent,  and  more  especiallj  the  admi- 
rable work  of  M.  Hecr  of  Zurich,  appear  to  have  led  several  of  our 
English  geologists  to  take  up  that  branch  of  Palseontolo^  with  more 
energy  than  at  any  previous  period ;  the  result  of  whidn  has  been 
shown  not  only  in  the  large  collections  of  Lias  insects  made  by 
the  Rev.  P.  B.  Brodie,  which  formed  the  groundwork  of  his  '  History 
of  the  Fossil  Insects  in  the  Secondarv  Rocks  of  England,*  published 
nearly  ten  years  ago,  but  also  in  the  discovery  of  some  traces  c^ 
fossil  insects  in  the  Hastings  series  of  the  Isle  of  Wight  by  Professw 
Edward  Forbes, — a  large  number  of  insects  in  the  Wealden  rocks  of 
Hastings  and  its  neighbourhood  by  Messrs.  W.  and  H.  Binfield  ^, — 

*  Quart.  Joum.  GeoL  Soc.  vol.  x.  p.  171.  A  rich  coUection  of  fbssU  insects, 
from  the  Lias  of  Gloucestershire,  &c.,  has  been  made  by  W.  R.  Binfield,  Eaq.,  to 
whom  also  the  Museum  of  the  Geological  Society  is  indebted  for  a  suite  of  inteet 
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a  few  donbtfxil  spedmens  by  W.  R.  Brodie,  Esq.,  in  the  Wealden  series 
of  Punfield  Bay  (Swanage),  and  in  the  Tertiaries  of  Studland  Bay, — 
and  by  still  burger  collections  of  fossil  insects  firom  the  Middle  and 
Lower  Purbecks  by  the  Geoloneal  Surveyors,  the  Rev.  Mr.  Fisher, 
Messrs.  W.  R.  Brodie  and  C.  Willcox,  Capt.  Woodley,  and  especially 
by  the  Rev.  P.  B.  Brodie*,  who,  ^m  his  attention  having  been 
especially  directed  to  this  branch  of  the  subject,  has  been  highly 
successful  in  detecting  minute  fragments  of  insect  remains  in  small 
slabs  of  stone,  which  would  to  a  less  educated  eve  have  been  passed 
over  as  destitute  of  any  traces  of  ancient  animal  life. 

Several  of  these  collections  having  been  placed  in  my  hands  for 
examination  and  description,  I  have  endeavoured  in  the  five  accom- 
panying Pktes  (PI.  XIV.-XVIII.)  to  give  a  general  idea  of  the 
chief  remains  contained  therein  ;  but  the  very  frt^entary  nature  of 
the  specimens  (of  which,  it  will  be  observed,  there  is  not  one  entire, 
and  not  a  single  leg,  antenna,  or  any  trophi, — the  majority,  in  fact, 
consisting  only  of  elytra  or  fragments  of  wings  and  elytra)  will  prevent 
me  firom  giving  more  than  a  very  general  description.  This  is  the 
more  to  be  regretted,  since  amonsst  the  fragments  of  wings  there  are 
evidently  portions  belonging  to  forms  distinct  from  any  with  which 
we  are  now  acquainted,  and  which  firom  their  analogy  would  lead 
to  the  inference  that  they  belonged  to  some  forms  of  Neuropterous 
insects  allied  to  ^'o/m,  Semblis,  &c.,  genera  which  are  more  or  less 
aquatic  in  their  natural  habits  ; — an  inference  more  strengthened  by 
the  prevalence  of  great  numbers  of  Libellulideous  wings  in  these  col- 
lections (the  early  states  of  the  insects  of  which  family,  I  need  scarcely 
observe,  are  also  entirely  aquatic),  and  by  the  many  and  great  blanlcs 
now  existing  in  the  series  of  the  Order  Neuraptera,  doubtlessly  attri- 
butable to  Uie  extinction  of  some  of  the  connecting  links. 

In  the  following  observations  it  will,  perhaps,  be  most  convenient 
to  describe  the  cdlections  according  to  their  localities  and  owners  ; 
reserving  the  general  observations  which  are  suggested  by  their  re- 
view, including  a  comparison  of  the  Middle  with  the  Lower  Purbeck 
insects,  as  well  as  of  the  Purbeck  insects  of  Dorset  with  those  of  the 
WOtshire  Purbecks  f,  to  the  end  of  the  communication. 

The  reader  will  bear  in  mind  that  in  the  Plates  the  lines  drawn 
by  the  side  of  the  different  figures  represent  their  natural  length ; 
the  majority  of  the  specimens  being  of  minute  size. 

L  Fossil  Beetle  from  the  Stonesfield  Slate  ^. 
PL  XIV*  fig.  13. 

A  fragment  of  a  large  fossil  Beetle,  discovered  in  the  Stonesfield 
Slate  by  Lord  Enniskillen,  has  been  kindly  placed  in  my  hands  for 

remains  from  the  Liu  of  Lyme  Regif .  A  fossil  insect  bts  been  lately  met  with  in 
the  Great  Oolite  of  Lincolnshire  by  Mr.  Morris,  F.G.S.  See  also  *  Catalogue  of 
British  Fossils/  new  edit.  p.  116,  for  fossil  insects  found  in  Britain. 

*  In  the  Quart.  Joum.  Geol.  Soc.  toL  ix.  p.  51,  Mr.  Brodie  has  also  recorded  his 
discorery  of  a  coleopterous  wing-case  in  the  Kimmeridge  Clay  of  Ringstead  Bay, 
Dorsetshire.  t  Termed  *  Wealden '  in  *  History  of  Fossil  Insects/  &c. 

t  Four  species  and  numerous  relics  of  insects  from  the  Great  Oolite  of  Stones- 
field, &c  are  noticed  in '  Morris's  Catalogue/  2nd  edit. 


Digitized  by 


Google 


380  PROCEEDINGS  OF  TBE  GEOLOGICAL  SOCIETY.      [Maj  10, 

description  by  Sir  Philip  Egerton,  and  is  figured  in  FUte  XIV. 
fig.  13.  This  represents  the  mesostemum,  metastemum,  and  yeo- 
tral  surface  of  the  abdomen  of  an  insect,  which,  from  its  structure^ 
must  have  been  of  heayy  a^iect  and  most  probably  of  slow  motion, 
and  which  must  haye  lived  in  dark  and  obscure  situations. 

This  I  infer  firom  the  circumstance  that  the  elytra  are  deflexed  at 
the  sides,  forming  a  groove  for  the  lateral  margins  of  the  abdomen, 
a  peculiarity  which  implies— 1st,  that  the  elytra,  if  separate,  could 
only  be  raised  with  difficulty ;  2ndly,  that  they  w«re  more  probably 
soldered  together  along  their  dorsal  suture ;  and,  3rdly,  that  the 
wines  were  wanting.  These  are  characteristics  of  several  groups  of 
beeUes,  amongst  which  are  the  Darkling  Beetles  (Blapsida)  and  the 
larger  species  of  the  Ground  Beetles  {CarabidcB),  In  these  famihes 
short  broad  forms  occur  in  the  genera  Blap9  and  Pimelia^  and  in 
Cychru9, 

As  to  the  decided  affinities  and  position  of  this  fossil  beetle,  we 
must  take  into  consideration  the  form  of  the  two  sterna  and  the 
form  and  number  of  the  segments  of  the  abdomen.  The  reooit 
investigations  of  Coleopterists  have  proved  that  these  characters^ 
and  especially  the  latter,  are  among  the  best  and  safest  dues  to  the 
natural  class^Bcation  of  the  Order.  In  the  fossil  before  us,  the  meso- 
sternum  is  advanced  in  a  triangle  between  the  cavities  for  the  inser- 
tion of  the  middle  1^ ;  the  metastemum  is  very  ^hort,  and  is  ex- 
tended slightly  backwards,  and  divided  into  two  small  lobes  by  an 
impressed  line ;  and  its  hinder  notched  edge  meets  the  advanced 
wiae  lobe  of  the  short  basal  s^ment  of  the  abdomen.  The  second, 
third,  and  fourth  segments  of  the  abdomen  are  of  nearly  equal 
width ;  but  the  extremity  of  the  fourth  and  the  remainder  of  the 
ventral  surface  are  abraded.  Now  the  relative  size  of  the  sterna 
agrees  better  with  the  BUxpsida  than  with  the  Carabid<e ;  but  the 
short  basal  segment  of  the  abdomen  occurs  in  Cychrut,  only  it  is 
soldered  to  the  next  segment,  so  as  to  be  but  Utde  distinct. 

From  the  appearance  of  the  fossU,  I  should  conceive  that  the  lost 
extremity  of  the  abdomen  comprised  only  a  single  s^ment ;  if  so,  it 
would  be  even  longer  than  the  preceding,  whereas  in  the  BlapsicUe^ 
owing  to  the  large  size  of  the  basal  segment,  the  two  terminal  seg- 
ments are  very  short.  The  fossil  beetle  differs,  therefore,  from  boUi 
these  tribes,  and  it  is  much  to  be  regretted  that  its  fragmentary  con- 
dition will  not  allow  of  its  relations  being  more  sadsnictorily  deter- 
mined. 

A  small  spiral  univalve  shell  is  imbedded  in  the  same  slab  with 
the  beetle. 

II.  Large  fossil  Dragon-fly  from  the  Stonesfield 
Slate.    PI.  XVII.  fig.  20. 

A  pair  of  large  wings  of  a  Dragon-fly  found  in  the  Stonesfield  Slate  ^, 
at  Eyeford,  on  theCotswolds,  by  the  Rev.  P.  B.  Brodie,  are  represented 

*  For  an  account  of  the  Stonesfield  Slate  of  Gloucestershire,  see  a  paper  by 
Messrs.  Brodie  and  Buckman,  Proc.  GeoL  Soc  voL  iv.  p.  437,  1844;  see  abo 
Brodie's  *  Fossil  Insects/  p.  39,  &c. 
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in  PL  XY II.  fig.  20.  Two  slabs,  containing  the  fossil  and  its  cast,  were 
found,  but  unfortunately  the  surfeu^  of  the  stone  is  in  both  so  much 
abraded  that  the  precise  form  of  the  "  cells  "  cannot  be  determined. 
This,  together  with  the  fact  of  only  one  pair  of  wings,  apparently  the 
anterior,  beinff  preserved,  will  prevent  its  relations  being  deterrhined, 
as  the  form  of  tne  anal  angle  of  the  several  wings  (unfortunately  lost 
in  the  specimen  before  me),  and  other  minute  characters  presented  in 
the  structure  of  the  head,  eyes,  and  ocelli,  are  the  chief  characters 
adopted  for  generic  distinction  in  this  family. 

The  discovery  of  this  and  many  other  fine  fossil  wings  of  Dragon- 
flies,  in  the  Lias,  Oolite,  and  Purbeck  formations,  is  interesting  in 
several  respects,  both  geological  and  zoological.  Their  presence  in 
the  winged  state  in  a  form  so  identical  with  those  of  the  existing  races 
of  these  insects,  implies,  of  course,  an  abundance  of  vnnged,  and,  for 
the  most  part,  herbivorous  insects ;  whilst  the  aquatic  condition  of 
their  larvse  implies  a  condition  of  the  water  identical  with  that  which 
is  now  in  existence,  as  it  must  have  been  similarly  acted  upon  chemi- 
cally by  the  curious  respiratory  apparatus  of  these  larvse.  Moreover, 
whilst  the  remarkable  fact  obtains  in  the  present  physical  condition  of 
the  insect  world,  that  many  of  the  largest  aquatic  insects  occur  in 
temperate  climates  (the  gigantic  Nepidtje  forming  the  only  exception), 
we  find  only  amongst  these  fossil  insects  traces  of  the  Libellulida, 
the  great  Water-beetles  of  the  families  Dyticida  and  HydrophilidcB 
never  appearing,  as  far  as  hitherto  ascertained,  amongst  these  fossil 
remains. 

III.  Supposed  Insect  from  the  Lias.     PI.  XYIII.  fig.  2. 

In  PI.  XVIII.  fig.  2  is  represented  a  dark-coloured  obscure  object, 
about  ^  inch  long,  which  was  found  in  the  Lias  by  the  Rev.  P.  B. 
Brodie.  This  e^bits  a  triangular  space  in  front,  which  has  the  ap- 
pearance  of  a  scutellum  together  vrith  the  closed  vring-covers  of  one 
of  the  Pentatormdo!,  It  is  preceded  by  a  small  dark  space,  which 
may  represent  the  advanced  pronotum ;  but  I  dare  not  pronounce 
upon  its  character  vrith  any  attempt  at  precision. 

IV.  Insect  Remains  from  the  Corfe  Clay*. 
PL  XVI.  figs.  34,  35. 

Four  small  slabs  of  white  tertianr  clay,  from  the  Leaf-beds  at 
Creech,  near  Corfe  and  Wareham,  have  been  forwarded  to  me  by 
the  Rev.  P.  B.  Brodie,  from  the  collection  of  W.  R.  Brodie,  Esq., 
of  Swanage.  Each  little  slab  contains  an  elytron  of  a  distinct  species 
of  Beetle. 

The  most  characteristic,  represented  in  PL  XVI.  fig.  34,  is  4  lines 
long ;  very  narrow ;  fiattened,  and  gradually  attenuated  to  the  tip  ; 
wiw  eight  distinct  punctated,  longitudinal  striae,  and  a  short  one 
near  the  base  of  the  suture.  This  was  probably  the  elytron  of  some 
narrow  beetle  allied  to  Agrilua,  amongst  the  Buprestitlte, 

The  second  elytron  is  6  lines  long ;  of  nearly  equal  width  for  two- 

*  These  spedmens  were  noticed  in  Quart.  Joum.  GeoL  Soc.  voL  U.  p.  51. 
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thirdfl  of  its  length,  and  then  graduallv  attenuated ;  the  snrface  is 
now  nearly  smooth,  but  it  may  probably  have  been  originally  ponc- 
tured  and  subsequently  abrad^.  This  specimen  may  belong  to  the 
Helopida. 

The  third  elytron,  represented  in  PL  XVI.  fig.  35,  is  3  lines  long ; 
oval ;  very  convex ;  marked  with  seven  rows  of  very  deep  round 
punctures,  the  lateral  rows  rubbed  down,  and  bearing  a  subsutural 
row  of  small  tubercles.  This  belonged  most  probably  to  (me  of  the 
CurculiatMUie. 

A  fourth  object,  which  may  possiblv  not  be  an  insect  remain,  is 
2  Uiies  lon^  very  oval  and  convex,  with  a  granulated  surface,  partly 
abraded.  It  has,  however,  somewhat  the  appearance  of  the  elytron 
of  a  very  gibbose  beetle  of  the  family  of  ChrytfnneUdiB  or  Oktcti- 

v.  Insect?  Remains  from  the  Hastings  Sands. 

The  Rev.  Mr.  Brodie  has  forwarded  me  four  specimens,  found  by 
Mr.  W.  R.  Brodie  in  the  Hastings  Sands  of  Swanage  Bay,  which  are 
of  doubtful  character.  The  first  has  the  appearance  of  an  elytron, 
\  inch  long,  and  nearly  3  lines  wide  for  three-fifths  of  its  length,  and 
Uien  gradually  attenuated ;  the  surface  smooth,  but  with  a  deep 
longitudinal,  possibly  accidental,  impression  from  the  base.  The 
second  and  third  are  small  dark  patches  of  membrane  upon  the 
surface  of  the  stone,  which  are  traversed  by  straight  longitudinal 
veins  emitting  parallel  branches ;  but  as  in  the  larger  specimen  the 
veins  radiate  nearly  firom  a  pointy  somewhat  like  the  ribs  of  a  fan,  I 
should  rather  regard  them  as  vegetable.  The  fourth  has  the  i^ 
pearance  of  a  small  semi-oval  elytron,  2  lines  long ;  but  the  surface  is 
uregularlv  longitudinally  rugose,  like  that  of  the  hard  seed-vessels 
of  some  mdts. 

VI.  Fossil  Insects  from  the  Middle  Purbecks  of  Dorskt*. 
PL  XV.  figs.  6  to  26. 

A  large  collection  of  Insect-remains,  consisting  of  118  small  slabs, 
of  various  sizes,  some  containing  manv  specimens,  has  been  made  by 
the  Rev.  Mr.  Brodie  from  the  top  of  the  Middle  Purbecks  of  Dur- 
dlestone  Bay,  Dorset.  They  are  chiefly  from  the  "  Pecten  and  Cor- 
bula  bed,'*  No.  31  of  the  stratigraphical  list  in  Mr.  Austen's 
*  Guide  to  the  (Geology  of  the  Isle  of  Purbeck ' ;  but  a  few  are  from 
the  bed  No.  58.     Thev  are  of  a  hard  blue  slaty  calcareous  rock. 

The  most  remarkable  of  these  Insect-remains  are  represented  in 
Pkte  XV.  figs.  6-26. 

Elytra  and  Bodies, — ^The  greater  portion  of  these  remains  con- 
sist of  small  elytra,  perfect  or  fragmentary,  or  of  entire  bodies  or 
parts  of  bodies  of  insects. 

The  following  are  the  chief  specimens  : — 

PL  XV.  Fig.  6.  Right-hand  figure — the  abdomen  of  a  small  flat 
beetle. 

*  Collected  by  the  Rev.  P.  B.  Brodie. 
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PL  XY.  Fig.  8.  Left-hand  figure — possibly  the  segment  of  the 
body  of  an  elongated  insect. 
Pig.  9.  Abdomen  of  a  very  small  broad  beetle; — Coeei^ 

nellidoil 
Pig.  10.  Abdomen  of  a  small  beetle. 
Fig.  11.  Metastemum  and  abdomen  of  a  small  beetle. 
Fig.  12.  Mesonotum  and  abdomen  of  a  small  beetle; — 

very  obscure. 
Pig.  13.  Larger  figure — mesostemum  of  a  beetle ;  pro- 
bably one  of  the  small  Dytieida. 
Right-nand  figure — abdomen  of  a  small  beetle. 
In  addition  to  these,  there  are — the  thorax  and  elytra  (in  place,  but 
crashed)  of  a  small  beetle ;  one  and  a  third  of  a  line  long ;  of  a  broadly 
ovate  form : — the  abdominal  portion,  3  lines  long,  of  a  beetle,  without 
its  elytra,  but  covered  apparently  with  the  wings  folded  up : — and 
two  small  flattened  insects,  each  a  line  and  a  hm  lon^  which  look 
like  little  beetles,  or  Cimicida,  without  wings ;  the  hmbs  and  the 
elytra  are  wanting,  and  the  articulations  very  indistinct. 

A  great  number  of  elytra  (of  which  the  majority  of  these  fossils 
consist)  are  of  very  small  size,  not  being  more  than  1^  or  2  inches 
in  length,  varying  from  the  narrow  form  of  an  Agrilus  to  the  oval 
form  of  a  Chrysamela^  and  with  the  surface  plain,  simply  striated, 
punctate-striated,  or  deeply  punctured. 

PL  XY.  fig.  8,  right-hana  figure,  and  fig.  13,  two  upper  figures, 
represent  several  of  these  small  elytra. 

The  finest  pair  of  elytra  is  represented  in  PL  XY.  fig.  7,  of  the 
natural  size.  The  base  and  apex  in  these  elytra  are  unfortunately 
wanting,  both  in  the  specimen  ana  its  cast.  The  surface  is  abraded ; 
it  has,  however,  evidently  been  finely  punctured,  and  bears  several 
plain  narrow  longitudinal  costse.  It  may  have  belonged  to  a  broad 
species  of  Prionua  or  BuprestU,  both  of  them  lignivorous  beetles. 

Wings, — The  winss,  although  numerous,  and  presenting  many 
distinct  types,  are,  like  the  forgoing,  unfortunately  in  general  only 
fragments  of  single  wings,  and  unaccompanied  by  any  portions  of  the 
bocues  to  which  they  belonged ;  so  that  we  can  judge  only  by  ana- 
logy as  to  whether  these  insects  possessed  one  or  two  pairs  of  these 
or^ms. 

It  is  remarkable  that  there  is  only  one  fragment  of  the  wine  of  a 
Dragon-fly ;  this  is  the  middle  portion  of  a  wing  quite  simihr  to 
that  from  the  Lower  Purbecks  figured  in  PL  XY.  fig.  5. 

The  chief  types  exhibited  by  the  other  wings  are  given  in  the  fol- 
lowing figures : — 

PL  XV .  Fig.  6.  Upper  figure — the  small  wing-cover  apparently  of 
one  of  the  Cicadellirue, 
Lower  left-hand  figure — the  extremity  of  the 
upper  surface  of  the  closed  wing-cover  of  a 
Reduviusl 
Fig.  14.  A  slab  containing  a  number  of  fragments  of 
wings,  and  magnified  figures  of  &ve  of  them 
beneath.  Of  these,  *  and  ®  are  probably  por- 
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tions  of  wings  of  small  Triehoptera  ;  S  is  the 
upper  wing  of  one  of  the  Cercopiike ;  f  is 
part  of  the  wing-corer  of  a  small  Blattideoos 
insect ;  and  %  is  part  of  the  wing  of  a  Grass- 
hopper. 
PI.  XV.  Fig.  15.  The  wmg  of  a  small  Dipterous  insect,  apparentlj 
allied  to  SimuUum. 
Figs.  16  &  17.  Portions  of  the  wings  of  Netiropteroiis 

insects,  apparently  allied  to  CorycUtlis. 
Fig.  18.  The  lower  wmg  of  a  species  of  the  CicadelUnm, 
Figs.  19,  20,  23,  26.  Apparently  portions  of  wing-coTers 

of  various  species  of  Blattida. 
Fig.  21.  Wing  of  a  small  Dipterous  insect,  allied  to  Cki- 

ronmnua  or  Cecidomyia. 
Figs.  22  &  24.  Portions  of  wings  of  Neuropteroos  insects 

of  doubtful  family. 
Fig.  25.  A  remarkable  spotted  wing-cover,  i^^Mirently  of 
some  curious  Cimicideous  insect. 
Among  other  fragments  of  wings,  there  is  also  one,  4f  lines  long, 
with  a  few  slight  longitudind  veins,  one  of  them  next  the  costa  being 
forked :  this  may  perhaps  be  a  portion  of  the  under  wing  of  a  small 
Nepideous  insect. 

VII.  Fossil  Insects  from  the  Dorchester  Quarries  §. 
PI.  XVI.  fig.  3.    PI.  XVIII.  figs.  9  &  14. 

Twelve  specimens  of  fossil  insects  from  the  Bidgway  Quarries 
near  Dorchester,  from  the  bed  No.  106  of  the  Rev.  O.  l^'isher's  Sec> 
tion  II,  have  been  forwarded  to  me  by  the  Rev.  Mr.  Brodie ;  and,  beine 
from  a  distinct  bed,  it  has  been  tnought  advisable  that  they  should 
be  noticed  separately. 

PI.  XVIII.  Fig.  9  represents  a  small  insect,  destitute  of  le^^  an- 
tennae,  or  wings,  and  which  may  possiblT  be 
the  immature  state  of  a  Naucoris,  or  an  allied 
Nepideous  insect.    The  centre  of  the  abdo- 
men is  longitudinally  impressed ;  and  there  is 
a  slight  depression  on  either  side,  parallel  with 
the  lateral  mai^in. 
Fig.  14  may  possibly  be  an  insect  closely  allied  to 
fig.  9 ;  it  is,  however,  far  less  clearly  defined, 
esp^dallv  in  the  anterior  half  of  the  body. 
There  is  another  insect  similar  in  size  to  the  two  preceding,  but 
so  slightly  indicated  that  it  cannot  be  described. 

PI.  XVI.  Fig.  3  represents  a  portion  of  one  of  the  slabs,  in  which 
it  will  be  seen  that  a  great  mass  of  elytra,  of 
different  sizes  and  forms,  have  been  deposited ; 
and  it  is  to  be  observed,  that  in  the  original 
the  large  dark-coloured  elytron  has  ten,  Teiy 

$  Collected  by  the  Rev.  O.  Fisher,  F.6.S. 
II  Large  Sheet.  1852,  Dorchester,  Foster. 
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fine,  longitudinal,  plain  strise ;  and  that  the 
striae  of  the  large  central  elytron  are  punc- 
tured. 

Seyeral  of  the  other  slabs  also  contain  a  great  number  of  small 
elytra,  of  different  sizes,  and  sculptured  variously ;  but  few  of  these 
are  well  defined.  One,  however,  of  larger  size  than  the  rest,  is  of  a 
broad  semi-oval  form,  3|  lines  long,  with  a  narrow,  plain,  lateral,  di- 
lated margin,  and  with  nine  longitudinal  strise,  and  one  ^hort,  sub- 
Bcutellar,  punctured  stria. 

In  a  few  of  the  specimens  of  elytra,  it  is  also  to  be  observed  that  a 
portion  of  the  original  tegument  of  the  elytra  still  exists,  black  and 
shining  in  appearance,  and  extremely  brittle  and  friable  in  texture. 

The  only  fragment  of  a  wing  amongst  these  Dorchester  fossils  is 
one,  ^  inch  long,  which  is  a  part  of  a  rather  narrow  delicate  Neuro- 
pterous  wing ;  the  narrow  costal  portion  of  which  has  short  obU^ue 
veinlets;  and  the  disc  has  a  submar^inal  straight  vein,  emittmg 
straight,  oblique,  longitudinal  veins,  similar  to  the  extremity  of  fig.  33 
in  Plate  XVIII. 

VIII.  Fossil  Elytron  from  Durdlestone  Bay. 
PI.  XIV.  fig.  11. 

Plate  XIV.  fig.  1 1  represents,  of  the  natural  size,  a  very  fine  ely- 
tron found  in  the  Lower  Purbecks,  Durdlestone  Bay,  Dorset, 
and  kindly  sent  to  me  by  Captain  Woodley  for  examination.  It  is 
broad  and  fiat,  very  finely  punctured,  of  a  brown  colour,  with  part 
of  the  sutural  edge  finely  reticulated  with  black,  each  reticulation 
beinff  punctured ;  and  it  has  three,  smooth,  plain,  narrow,  longitu- 
dinal costse  on  the  disc. 

This  specimen  appears  to  be  very  nearly  related  to  the  fossil  elytra 
from  the  Middle  Purbecks  represented  in  PI.  XV.  fig.  7,  above- 
described. 

IX.  Fossil  Insects  and  Isopoos  from  the  Lower  Purbecks*. 
Pl.XIV.figs.9,10,12,14-2J.  PI.  XV.  figs,  1,2;  4, 5.  Pl.XVIL 
figs.  1-19,  21. 

An  extensive  suite  of  fossil  insects,  amongst  which  are  some  of  the 
finest  I  have  hitherto  examined,  has  been  forwarded  to  me,  through 
the  Rev.  Mr.  Brodie,  by  Mr.  Willcox,  by  whom  they  were  collected 
from  the  Purbeck  insect-beds  near  Swanage.  They  consist  of  sixty 
small  slabs  of  various  sizes,  some  containing  a  considerable  number 
of  insect  remains.  The  most  remarkable  specimens  are  represented  in 
thelowerpartofPkteXIV.byfigs.  9,10,12, 14-21,  and  in  Plate  XV. 
by  figs.  1,  2, 4,  5,  and  by  the  whole  of  Pkte  XVII.,  excepting  fig.  20. 

Isopods. — PL  XIV.  fig.  12.  This  is  the  most  interesting  of  the 
whole  of  the  series  of  fossils  firom  the  Lower  Purbecks,  not  only  on 
account  of  its  being  so  far  perfect  as  to  show  the  general  form  of  the 

*  CoUected  by  C.  WiUcoz,  Esq. 
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body,  but  also  from  its  belonging  to  tbe  Crustacean  order,  Isopoda^ 
which  are  yery  rare  in  the  foml  state,  and  from  its  close  relationsh^ 
with  the  species  of  Isopod  discovered  in  the  "  Insect  limestone  "  g[ 
Wiltshire  by  Mr.  Brodie,  and  figured  in  his  work  upon  the  Insects 
found  in  the  Secondary  Rocks  of  En^and,  pi.  1.  figs.  6-1 0»  under  the 
name  of  ArcluBoniscua  Brodiei^  apphed  to  it  by  M.  Milne-Edwards. 

Two  specimens,  of  one  of  which  a  cast  is  also  preserved,  were  fbnnd 
by  Mr.  Willcox ;  and,  as  they  are  represented,  in  PI.  XIV.  fig.  12,  of 
the  natural  size,  it  will  be  seen  that  they  are  larger  than  the  ordinary 
specimens  of  A,  Brodiei^  although  the  indiyidual  figured  in  HkL 
Foss.  Insects,  pi.  1 .  fig.  7,  is  of  equal  size. 

The  tegument  of  me  body,  which  remains  in  a  few  parts  of  the 
fossil,  appears  to  have  been  a  thin  shell,  somewhat  like  that  of  a 
shrimp.  Neither  antennae  nor  1^  are  visible ;  and  I  cannot  detect 
any  trace  of  the  eyes.  There  appears  to  have  been  an  elevated  ridge 
down  the  middle  of  the  body,  terminating  at  the  base  of  the  large, 
transversely  oval,  anal  plate;  and  several  of  the  articulations  pre- 
ceding the  latter  are  much  shorter  and  less  distinct  than  the  anterior 
segments;  the  terminal  plate,  moreover,  exhibits  no  traces  of  the 
lateral  caudal  appendages,  except  a  slight  thickening  and  elevation  of 
the  basal  lateral  angles. 

Insects, — Of  entire  insects  or  portions  of  their  bodies  there  are  but 
very  slight  traces  to  be  found  in  this  collection.  PI.  XV.  fig.  1  re> 
presents  a  part  of  the  articulated  elongate  abdomen  of  a  small  insect, 
which  seems  most  Uke  a  part  of  some  Tipulideous  specimen ;  and 
PL  XVII.  figs.  8  &  18  represent  two  small  abdomens,  which  seem 
more  like  those  of  Hemipterous  or  Homopterous,  than  Coleopterous 
insects. 

Of  the  elytra  of  Coleopiera  there  is  a  very  extendve  series,  con- 
sisting generally  of  single  detached  specimens,  but  occasionally  of  the 
two  elytra  conjoined.  PI.  XTV.  figs.  14  &  15  are  pairs  of  el3rtra  of 
two  small  beetles,  which  were  about  ^  inch  long. 

PI.  XIV.  figs.  16-21  and  PI.  XVII.  figs.  1-6  represent  single  elytra 
belonging  to  insects  of  different  famines.  Of  these  the  largest, 
PL  XIV.  fig.  1 7.  must  have  been  part  of  a  beetle  about  1  inch  long. 
Several  of  these  are  also  remarkable  for  the  very  dbtinct  manner  ia 
which  they  are  spotted  and  striped,  especially  the  striato-piinetate 
forms  in  PL  XIV.  fig.  19  and  PL  XVII.  fiss.  3  &  5 ;  the  first  and 
last  of  which  seem  to  have  belonged  to  the  Bvprestida,  and  the 
other  to  the  Harpalitla, 

1  will  not,  however,  pretend  to  assign  all  these  elytra  to  their  fa- 
milies ;  the  forms  and  markings  vaiy  so  infinitely  in  every  Coleopterous 
family  of  any  extent  (many  of  the  families  contaimng  several  thousand 
distinct  species  in  each),  that  the  attempt  would  be  very  hazardous. 

PL  XVII.  fig.  1,  as  well  as  fig.  7,  and  possibly  fig.  9,  seem  to  me 
to  have  rather  doubtful  claims  to  be  considered  as  insect  remains. 
It  is  possible  that  they  may  be  of  vegetable  origin ;  but  the  first 
looks  like  an  elytron,  the  irregularity  of  the  surface  of  which  may 
have  been  caused  by  abrasion ;  and  fig.  9  may  be  a  strongly  granu- 
lated  or  tuberculated  elytron,  of  which  a  portion  of  the  inner  margin 
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has  been  abraded ;  but  I  know  of  no  insect  to  which  fig.  7,  if  belong- 
ing to  an  Annulose  animal,  can  satisfactorily  be  referred. 

Of  naked- winged  insects  there  is  a  considerable  collection  of  interest* 
ing  fragments,  amongst  which  those  belonging  to  the  Libellulida  are 
pre-emment,  as  usual,  for  their  size.  PL  XV.  fig.  4  represents  a 
portion  (near  the  extremity)  of  pne  of  the  wings  of  a  Lihellula  of 
Tery  large  size.  Fig.  5  is  one  of  the  wings  of  a  Dragon-fly  with  very 
small  meshes,  and  with  the  characteristic  triangle  occupying  a  higher 
position  than  in  the  tjrpical  LihelluUe,  PI.  XVII.  fig.  21  is  a  por- 
tion of  a  wing,  drawn  of  the  natural  size,  which,  from  its  general 
character,  is  evidently  Libellulideous ;  but  I  know  no  species  with 
such  an  arrangement  of  veins ;  and,  compared  with  the  ordinary 
types  of  the  family,  this  fossil  insect  must  have  been  quite  gigantic 
in  size. 

PI.  XVII.  Fig.  12  represents  one  of  the  wings  of  a  Neuropterous 
insect,  allied  to  Sialis  or  Panorpa ;  and  fig.  1 6, 
one  allied  to  Raphidia, 
Fig.  19  appears  to  be  one  of  the  narrow  elongate  teg- 
mina  of  a  Grasshopper ;  and  figs.  10  and  13, 
tegmina  of  Blattida. 
Fig.  1 1  seems  to  be  a  portion  of  one  of  the  upper  wings 

of  a  Homopterous  insert. 
Figs.  14  and  15  are  a  wing  and  wing-cover  of  a  small 
Cimicideous  insect. 
PL  XV.  Fig.  2  appears  to  be  a  portion  of  a  wing  of  a  Tipulideous 
species. 
PL  XVII.  Fig.  17  represents  a  number  of  fragments  of  delicate  tegu- 
ment covered   with   minute  punctures  and 
traversed  by  straight  and  somewhat  radiating 
veins,  which  appear  like  portions  of  the  hind- 
wing  of  some  species  of  Butterfly,  entirely 
denuded  of  scales.     A  fragment  of  larger  size 
will  be  noticed  amongst  the  Rev.  Mr.  Brodie's 
Lower  Purbeck  insects. 

X.  Fossil  Insects  from  the  Lower  Purbecks,  Durolestone 
Bay,  Dorset*.    PL  XIV.  figs.  1^. 

A  small  collection  of  insect-remains,  22  in  number,  collected  by 
W.  R.  Brodie,  Esq.,  of  Swanage,  Dorset,  has  been  communicated  to 
me  through  his  cousin  the  Rev.  P.  B.  Brodie.  A  few  of  the  more 
interesting  of  these  are  represented  in  the  upper  part  of  PL  XIV. 
As  in  the  other  collections,  the  greater  portion  consist  of  single 
elytra. 

PL  XIV.  figs.  1,  2,  3,  are  three  of  the  best-marked  specimens, 
the  others  being  of  small  size.  The  first  of  them  appears  to  belong 
to  one  of  the  Elateridoe ;  the  second  is  Helopideous ;  and  the  third 
is  Curculionideous. 

PL  XIV.  fig.  4  appears  to  me  to  belong  doubtfully  to  an  insect : 

*  Collected  by  W.  R.  Brodie,  Esq. 
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it  may  indeed  possibly  represent  a  spotted  elytron,  with  a  fragment 
of  a  wing ;  but  I  cannot  reeard  it  as  such  with  any  degree  of  cer- 
tainty. Fig.  6  seems  to  be  the  short  coriaceous  upper  wing,  or 
wing-coTer,  of  some  Cercopideous  insect  among  the  Homoptera. 
Figs.  5  &  7  may  also  be  portions  of  the  wing-corer  and  wing  of  a 
Crrasshopper.  But  all  these  (figs.  4,  5,  6,  7)  have  somewhat  of  a 
T^table  character. 

Pi.  XIY.  fig.  8.  This  is  the  most  interesting  specimen  of  all  the 
insect-remains  yet  discovered  amongst  the  Lower  Purbeck  series.  It 
is,  in  fact,  the  wins  of  a  gigantic  Ant,  which,  in  its  perfect  state, 
must  have  measured  at  least  2  inches  across  the  expanded  win^ ; 
and  it  is  most  nearly  aUied  to  some  of  the  exotic  forms  of  whidi 
Myrmica  is  the  type  in  our  temperate  r^ons. 

The  discovery  of  such  an  insect  is  of  the  highest  importance  in 
respect  to  the  question  of  the  geographical  range  of  the  insects  im- 
bedded in  the  Lower  Purbeck  series. 

The  wing  of  a  second  species  of  Ant  (PI.  XVIII.  fig.  21),  closely 
allied  to  the  foregoing,  but  difiering  from  it  generictuly,  occurs  in 
the  Rev.  Mr.  Brodie's  collection,  and  will  be  subsequently  noticed. 

Mr.  W.  R.  Brodie  has  also  sent  me  a  slight  sketch  of  an  insect 
with  four  wings  of  equal  size,  which  he  found  in  the  stratum  marked 
No.  1 16  in  the  list  in  Mr.  Austen's  '  Guide.'  This  is  about  the  size, 
and  has  somewhat  the  appearance,  of  the  common  Panorpa,  It  is 
now,  I  believe,  in  the  Museum  at  Cambridge. 

XI.  Fossil  Insects  prom  the  Lower  Purbecks  op  Durdlb- 
STONE  Bay*.  PI.  XV.  fig.  3 ;  PI.  XVI.  figs.  1, 2, 4-33,  36-38 ; 
PI.  XVIll.  figs.  1,  3-8,  10-13,  15-43. 

By  far  the  largest  collection  of  insect-remains  frdm  the  Lower 
Purbecks  is  that  formed  by  the  Ber.  P.  B.  Brodie,  who  has  placed 
in  my  hands  his  entire  series,  consisting  of  350  small  slabs  of  stone, 
of  various  sizes.  Upon  many  of  these  only  a  single  fragment  of  an 
insect  occurs ;  but  upon  a  considerable  number  the  remains  are  very 
numerous,  the  fragments  being  crowded  together,  and  often  lying 
upon  one  another.  Of  this  condition  a  slight  idea  may  be  obtained 
from  PL  XV.  fig.  14,  and  PI.  XVI.  fig.  3. 

The  representation  of  the  more  interesting  of  these  fossil  remains 
is  given  in  PL  XV.  fig.  3,  PL  XVI.  figs.  1,  2,  4-33,  36-^8,  and 
PL  XVIII.  figs.  1,  3-8,  10-13,  15-43. 

With  the  exception  of  the  Dragon-flies,  of  which  there  are  as 
many  as  thirty-four  fragments  of  single  wings  (from  which,  however, 
it  is  impossible  to  affirm  either  a  moderate  or  tropical  climate  and 
geographical  range),  and  of  the  large  Ant  wing,  PL  XVIII.  fig.  21, 
it  is  worthy  of  remark,  that  the  whole  of  these  remains,  not  fewer  in 
number  than  700  or  800,  are  those  of  minute  insects  not  more  than 
a  fourth  or  a  third  of  an  inch  in  length. 

A  few  of  the  more  remarkable  elytra,  which  I  have  selected  for 
illustration,  belong  to  Beetles  half  an  inch  long  or  thereabouts  ;  and 
*  CoUected  by  the  Rev.  P.  B.  Brodie,  F.G.S. 
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there  are  half  a  dozen,  at  the  most,  of  Beetles  which  were  not  more 
than  an  inch  or  15  lines  long. 

Bodies  of  Insects. --Mr.  F.  B.  Brodie's  collection  of  Lower  Piur- 
beck  fossils  presents  to  us  very  few  specimens  of  the  entire  bodies 
of  insects ;  none,  in  fact,  in  which  the  antennae  and  limbs  are  pre- 
served. The  bodies  or  abdomens  of  a  few  minute  insects  alone 
occur,  the  most  perfect  of  which  are  represented  in  the  upper  part 
of  PL  XVIII.  Of  these,  fig.  1  represents  the  under  side  of  the 
thorax  and  abdomen  of  a  beetle,  probably  Carabideous:  fig.  12,  the 
head  and  body  of  a  minute  HalHea  or  other  ChrysomeUdeous 
beetle:  fig.  16  appears  to  be  the  prothorax  of  some  small  beetle: 
figs.  6,  10,  18,  &  19  appear  to  be  the  abdomens  of  minute  beetles  ^ 
fig.  17,  the  abdomen  of  a  small  Cimicideous  or  Homopterous  insect : 
^.  1 1  may  be  the  scutellum  and  closed  wings  of  a  beetle  deprived 
of  elytra,  or  those  of  a  Cimicideous  insect :  figs.  7>  8,  13,  &  15  appear 
to  be  portions  of  the  thorax  of  various  insects :  there  are  several 
specimens  Uke  fig.  7 ;  it  appears  indeed  to  be  reproduced  in  the 
front  part  of  fig.  13. 

In  addition  to  the  above,  there  are  the  bodies  of  three  minute  in- 
sects of  an  oval  flattened  form,  about  one-eighth  of  an  inch  long, 
resembling  PI.  XVIll.  fig.  12.  There  is  also  a  small  object,  1  line 
long,  which  looks  Uke  the  head  of  a  beetle  with  the  two  excavations 
for  the  base  of  the  antennee  and  the  transverse  labrum.  There  are 
several  mesonotums  and  metanotums  of  minute  beetles,  and  a  few 
minute  abdomens  of  beetles,  and  several  objects  that  appear  Uke  the 
articulations  of  small  annulose  animals  in  a  greater  or  less  state  of 
dislocation. 

Elytra. — As  above  stated,  elytra,  generally  of  minute  size,  and 
rarely  appearing  in  paifs,  constitute  the  greater  portion  of  this  suite 
of  insect- remains.  The  most  interesting  and  best  defined  of  these 
are  represented  in  PI.  XVI.,  which,  with  the  exception  of  figs.  3, 34, 
&  35,  is  entirely  occupied  with  them. 

PI.  XVI.  fig.  1  represents  one  of  the  commonest  occurrence.  The 
extremity, which  terminates  in  an  obtuse  point,  is  here  broken  off.  This 
specimen  is  about  4  lines  long,  and  is  marked  with  ten  plain  fine  striee. 
I  presume  it  to  be  Carabideous.  PI.  XVI.  fig.  2  is  a  small  object, 
which  majr  possibly  be  an  elytron  ;  it  is  convex  and  smooth.  Figs. 
8  &  9,  although  approaching  fig.  2  in  form,  are,  on  the  other  hand, 
evidently  elytra  of  some  short  and  very  convex  beetle,  such  as 
Coccinella  or  Sct/mfws.  Fig.  4  is  a  minute  elytron,  interesting  on 
account  of  the  fossil  stiU  retaining  a  small  black  portion  of  the  ori- 
ginal t^ument  of  the  beetle  :  it  seems  to  have  belonged  to  a  small 
Elater.  Fig.  5  is  the  largest  elytron  of  the  series,  and  appears  to 
have  belonged  to  the  same  family  as  fig.  4.  Figs.  6,  23,. 29,  &  32 
represent  elongated  elytra,  pointed  at  the  tip,  with  the  outer  margin 
slightly  serrated,  and  the  disc  marked  with  dark  cloudy  spots  :  these 
appear  to  have  belonged  to  species  of  Agrilus  among  tne  Buprestida. 
Figs.  11,  22,  31,  36,  37, 38  are  interesting  on  account  of  the  original 
lignt-coloured  spottings  on  a  dark  ground  being  stiU  visible.  Pigs. 
15  &  24  are  pale  coloured,  with  small  dark  spots  on  the  interstices 
of  the  striae.     Fig.  13  is  also  one  of  the  commonest  elytra ;  it  has 
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a  flattened  lateral  margin,  and  as  many  as  eighteen  very  fine  lon^tn- 
dinal  plain  striae ;  it  may  have  belonged  to  a  Helopideous  or  Dii4>e- 
rideoQS  beetle.  Figs.  10,  12, 17>  30,  &  33  deserve  notice  on  accoont 
of  the  deep  punctures  or  other  rugosities  which  are  still  retained 
in  the  specimens;  figs.  10  &  30  may  be  Carabideous,  and  fig.  33, 
Curculionideous.  Fig.  19  is  a  fragment  of  a  very  fine  elytron,  re- 
markable  for  having  the  deep  lateral  impression  similar  to  that  of 
the  elytra  which  are  so  common  in  the  Stonesfield  Slate,  upon  the 
relations  of  which  I  commented  in  Mr.  Brodie*s  work,  p.  122.  The 
other  elytra  do  not  appear  to  merit  any  particular  mention. 

Wings. — ^The  remams  of  insect-wings  likewise  constitute  a  very 
large  portion  of  the  series  of  Mr.  P.  B.  Brodie's  specimens.  Of 
these  the  finest  and  largest  are  the  remains  of  wings  of  Dragon-flks, 
of  which  there  are  thirty-four  fragments.  In  no  instance  is  there  a 
perfect  wing. 

In  the  arrangement  of  the  veins,  especially  those  of  the  character- 
istic triangle,  they  agree  with  that  in  PI.  XV.  fig.  5.  In  one  sot- 
cimen,  however,  the  outer  side  of  the  triangle,  instead  of  bemg 
verticfd,  or  nearly  so,  as  in  that  figure,  is  very  oblique,  so  that  the 
outer  angle  is  very  acute,  as  in  JEschna  (Quart.  Joum.  Geol.  Soc. 
vol.  V.  pi.  II.  fig.  B).  Tliere  is  also  considerable  difference  in  the 
size  of  the  cells  of  the  wings ;  in  some  specimens  these  are  very  small, 
whilst  in  one  they  are  very  large  and  quadrangular :  this  specimen 
must,  I  apprehend,  have  belonged  to  a  very  large  species  oiAgrion. 

Other  Neuropterous  wings  occur  also,  but  always  fragmentary. 
PI.  XVIII.  fig.  24  represents  a  wing  of  an  insect  allied  to  Sialia ;  to 
which  also  figs.  35  &  37  may  be  lulied.  Figs.  25,  28,  31  are  pro- 
bablv  portions  of  wings  of  insects  allied  to  PhrygoHea.  Figs.  22,  23, 
26,  32,  33,  34,  38,  40,  41,  42,  &  43  appear  to  be  Orthopterous ; 
some  of  them,  as  figs.  22, 32,  &  43  (of  which  there  are  a  great  number 
of  specimens),  being  probably  the  wing-covers  of  BlattuUe ;  as  well 
as  figs.  23, 26,  &  33.  Fi^.  121  is  a  wing  of  a  gigantic  species  of  Ant, 
closely  allied  to,  but  differmg  from,  fig.  8  of  H.  XI Y.  in  the  position 
of  the  cells. 

PI.  XVIII.  figs.  27  &  30  appear  to  be  portions  of  the  hind-wings 
of  some  species  of  Butterfly;  still  they  have  very  much  of  a 
vegetable  aspect.  The  surface  is  covered  with  minute  punctures, 
which  may  be  the  cells  for  the  insertion  of  the  quills  of  the  coloured 
scales  which  are  all  removed,  supposing  the  specimens  to  be  Lepi- 
dopterous.  If  such  should  prove  to  be  really  the  case,  by  the 
discovery  of  more  characteristic  specimens,  it  will  form  an  mter- 
esting  addition  to  our  knowledge  of  fossil  entomology.  M.  Boisdu- 
val  luis,  however,  described,  in  the  Jnnales  de  la  SoeieU  Entomolo- 
gique  de  France,  a  fossil  Butterfly  under  the  name  of  Cyllo  eepulta, 
which  has  given  rise  to  a  remarkable  controversv  between  himself 
and  M.  Alex.  Lefebvre,  published  in  the  same  work. 

PI.  XVIII.  figs.  4  &  29  may  possibly  be  the  wine-covers  of  Cimi- 
cideous  insects  much  abraded.  Figs.  3,  5,  36,  and  PI.  XV.  fig.  3, 
are  portions  of  the  wmg-covers  and  wings  of  Cercopideous  insects. 
PI.  XVIII.  fig.  20  is  the  wmg  of  a  Tipulideous  insect.     . 
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The  Mnseam  of  Practical  Geoloey  in  JennynHStreet  also  possesses 
a  fine  series  of  fossil  insects  from  me  Purbecks.  This  series  agrees 
in  general  characters  with  the  Rev.  Mr.  Brodie's  collection,  but  com- 
prises several  specimens  of  Dipterous  insects  in  a  much  more  perfect 
condition. 

In  the  British  Museum  also  there  are  a  few  fossil  insects  from  the 
same  formation ;  and  there  are  seyeral  other  specimens  in  the  Cam- 
bridge and  Dorchester  Museums. 

Summary. 

The  microscopical  examination  which  I  have  been  compelled  to 
make  of  so  many  hundreds  of  fossil  insect-remains,  for  the  most  part 
in  a  fragmentary  condition,  from  the  Lower  Purbecks  of  Dorset, 
although  beyond  measure  tedious  from  the  unsatisfactory  results 
afforded  by  the  nature  of  the  specimens,  has  still  enabled  me  to  arrive 
at  some  results,  and  to  form  a  general  comparison  of  these  insect- 
deposits  with  those  which  I  similarly  investigated  whilst  preparing 
the  plates  of  Mr.  P.  B.  Brodie's  work  on  the  fossil  insects  of  the 
Wiltshire  Purbecks,  &c. 

If  we  take  into  consideration  the  small,  and  even  minute  size  of 
the  great  majority  of  the  insects,  and  indeed  of  the  whole  of  the 
Coieoptera,  which  have  been  passed  under  review,  the  idea,  that  we 
have  before  us  the  wreck  of  an  Insect  Fauna  of  a  temperate  region, 
is  at  once  raised ;  for  although  it  would  be  rash  to  assert  that  a  mass 
of  remains  of  the  existing  tropical  insects  might  not  be  accumulated 
in  which  a  large  quantity  of  minute  beetles  and  flies  would  not  be  pre- 
sent, yet  I  cannot  conceive  any  process,  either  arising  from  currents 
of  water,  or  chemical  dissolution  of  insect  matter,  which  would  carry 
off  or  destroy  the  many  gigantic  forms  of  insect  life  always  occurring 
in  the  tropics. 

The  fossils  before  us  show  abundant  evidence  of  the  presence  of 
numbers  of  Lignivorous  species,  such  as  the  Elaterida  and  Bupres- 
tidUe ;  but  we  nowhere  find  amongst  them  traces  of  the  great  Lamel- 
licorn  and  Longicom  beetles.  Herbivorous  insects  also  occur  in  consi- 
derable numbers ;  but  we  do  not  meet  with  the  gig;antic  Grasshoppers 
and  Locusts  of  tropical  climates.  It  has  indeed  been  suggested  that 
the  remains  may  be  those  of  insects  living  in  a  temperate  climate  and 
carried  by  currents  to  a  tropical  reeion ;  and  Prof.  E.  Forbes  has 
instanced  the  fact  that  he  found  shells  of  a  temperate  ^e,  natives 
of  the  upper  parts  of  the  great  ranee  of  the  Atlas  Mountains  in 
Africa,  brought  down  by  currents  and  resting  in  the  lower  regions 
among  shells  of  a  tropiod  character.  But,  in  order  that  the  analogy 
should  hold  good,  it  seems  to  me  necessary  that  we  should  fincl 
amongst  the  remains,  not  a  single  specimen  or  two  (as  in  the  case 
of  the  wings  of  the  large  Ants  above-mentioned),  but  the  remains  of 
a  great  majority  of  tropical  species  mixed  up  with  a  smaller  number 
of  temperate  forms.  I  must  leave  geologists  to  discover  or  to  suggest 
the  action  which  could  have  brought  together  and  deposited  such 
great  masses  of  insect-remains  as  we  find  in  many  of  the  slabs  of 
stone  in  these  collections,  and  of  which  PI.  XVI.  fig.  3  will  afford 
an  idea.   Entomologists,  however,  are  perfectly  well  aware  that  sudden 
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inundations  or  the  rapid  rising  of  rivers  are  sure  to  brin^  with  them 
the  most  abundant  entomological  harvest,  insects  being  floated  down 
such  currents  in  vast  numbers,  and  congregated  togemer  in  mswcs 
on  the  banks,  as  thick  as  bees  in  a  hive,  or  ants  in  an  ant-hill. 

The  circumstance  also  that  such  vast  numbers  of  dytra  have 
been  preserved,  whilst  the  equally  hard  thorax,  head,  antennae,  and 
legs  have  entirely  disappeared,  is  worthy  of  remark.  I  must  admit 
that  I  can  offer  no  solution  of  so  curious  a  fietct,  especiallj  as  the 
winffs,  notwithstanding  their  great  delicacy,  have  left  their  impress 
on  the  stone  as  clearly  as  any  of  the  harder  elytra.  We  here,  how- 
ever, see  another  instance  in  which  nature  had  from  the  earliest  time 
adopted  processes  which  we  look  upon  when  first  apphed  in  art  or 
manufactures  as  wonderful  novelties.  We  see,  in  fact,  that  the  modem 
discovery  of  ''  natural  printing,"  as  it  has  been  termed,  whereby  the 
most  delicate  objects  leave  their  mark  upon  the  hardest  materials,  when 
in  contact  under  heavy  pressure,  has  been  anticipated  in  these  fossil 
imprints  of  wings  of  some  of  the  smallest  and  most  delicate  insects. 

It  has  been  su^ested  that  the  discovery  of  quantities  of  detached 
elytra  in  a  small  sUb  might  possibly  be  accounted  for  on  the  suppo- 
sition that  the  insects  to  which  they  had  belonged  had  been  devoured 
by  some  bird  or  other  insectivorous  animal,  and  had  passed  through 
the  stomach  undissolved,  owing  to  the  presence  of.  an  asserted  che- 
mical substance  in  the  elytra,  which  has  been  termed  '^elytrine." 
I  believe,  however,  that  the  term  in  question  does  not  imply  a  distinct 
substance  in  the  elytra  of  beetles,  but  was  given  in  consequence  of 
the  experiments  in  which  it  was  developed  having  been  made  upon 
elytra.  All  the  parts  of  the  outer  int^ument  of  a  beetle  have,  in 
fact,  the  same  chemical  composition,  and  consist  of  the  substance 
now  known  by  the  name  of  ^^chitine,"  which  is  analogous  in  com- 
position to  horn.  Moreover  entomologists  are  well  aware  of  the  fact 
that  other  parts  of  a  beetle  are  of  as  solid  a  nature  as  elytra ;  they 
know,  for  example,  that  one  of  the  best  beetle-traps  is  a  toad,  the 
excrement  of  which  generally  contains  entire  specimens  of  some  of 
the  rarest  ground-beetles. 

With  the  exception,  then,  of  the  winged  riant  Ants,  and  of  some 
of  the  fragments  of  ^^tic  Dragon-flies'  wmgs,  there  seems  to  be 
such  a  eeneral  conformity  with  the  Purbeck  insects  of  Wilts*,  that 
I  may  almost  reiterate  the  whole  of  my  observations  published  in  the 
introductory  part  of  Mr.  Brodie's  work.  But,  if  the  general  con- 
ditions of  insect-life  were  so  similar  in  the  two  districts,  as  indicated 
by  the  remains  in  the  Wilts  and  Dorset  Purbeck  formations,  the  mode 
of  destruction  of  such  insect-life  must  have  been  very  different ;  since 
we  found  abundance  of  specimens  of  insects  in  a  tolerably  entire  state 
of  preservation  in  the  former,  whilst  in  the  latter  scarcely  anything 
but  fragments  of  wings  or  elytra,  or  a  few  segments  of  the  abdomen, 
occur.  This  indeed  is  the  more  remarkable,  because,  from  the 
tubular  homy  structure  both  of  the  leg-joints  and  antennse,  it  would 
have  been  qmte  reasonable  to  have  expected  to  have  found  them  lying 
detached  amongst  the  masses  of  elytra,  &c.  of  the  beetles  and  other 
insects  to  which  they  belonged.     This  dislocation  and  partial  de- 

♦  The  discovery  of  closely  allied  fossil  ItopofUi  in  both  the  localities  is  espe- 
cially to  be  noticed. 
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struction  of  the  insects  appear  to  be  so  general,  that  we  may  ahnost 
renounce  the  idea  of  any  chiuice  discovery  of  perfect  insects,  even  of 
fragments  sufficiently  distinct  to  allow  us  to  form  a  satisfactory 
opinion  on  the  general  entomology  of  the  Dorset  Purbeck  period. 

In  like  manner,  there  is  also  so  great  a  general  coincidence  between 
the  insects  of  the  Lower  and  those  of  the  Middle  Purbecks,  including 
those  from  the  Ridgway  quarries  (judging,  as  well  as  I  am  able,  from 
the  comparative  paucity  of  materials  which  I  have  examined),  that  I 
can  come  to  no  other  conclusion,  than  that  the  insects  discovered  in 
all  these  different  strata  belong  to  one  general  insectal  fauna. 
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6.  On  the  Pegmatite  of  Ireland.    By  M.  A.  Dblesse. 

[Abstract*] 

Thk  anthor  ohaerres  that  the  Pegmatite  of  the  Mountain  of  Mourne 
in  Ireland  is  ybtj  remarkable  for  its  cayemous  structure.  This 
structure  is  especially  found  in  pegmatites  which  contain  topazes  ;  it 
IS  therefore  probable  that  the  cavities  in  the  pegmatite  are  owing  to 
the  separation  of  fluoric  gases,  the  fluor  of  which  is  subsequently 
fixed  in  the  topaz  and  mica. 

The  Irish  jpegmatite  is  also  very  remarkable  for  the  presence  of 
iayalite  and  of  ferruginous  peridote;  for  peridote  is  the  characteristic 
mineral  of  rocks  of  igneous  origin  which  have  not  an  excess  of  quartz. 

M.  Delesse  remarks,  in  conclusion,  that  cavernous  pegmatite  is 
formed  under  circumstances  markedly  different  from  those  under 
which  granite  properly  so  called  is  produced. 


May  24,  1854. 

SPECIAL  GENERAL  MEETING. 

Sir  B.  I.  MuRCHisoN,  Vice-President,  in  the  Chair. 

1.  The  President  announced  that  Prof.  £.  Forhes,  in  consequence 
of  his  appointment  to  the  duties  of  Professor  of  Natural  History  at 
Edinburgn,  had  been  compelled  to  resign  the  Office  of  President  of 
the  Society,  and  that  the  Society  was  now  called  upon  to  elect  a 
President  in  his  room;  also  to  elect  a  Member  of  Council  in  the 
room  of  the  Rev.  Mr.  De  la  Condamine,  deceased. 

2.  Scrutineers  were  appointed,  who,  after  the  Ballot,  reported 
that  William  John  Hamilton,  Esq.  was  unanimously  elected  Pre- 
sident; and  that  Joseph  Prestwicn,  Jun.,  Esq.  was  unanimously 
elected  a  Member  of  Council. 

3.  Resolved,  that  the  thanks  of  the  Society  be  given  to  Prof. 
E.  Forhes,  retiring  from  the  office  of  President. 

[It  was  also  resolved,  that  Mr.  Prestwich  be  reouested  to  under- 
take the  duties  of  Secretary  until  the  next  General  Meeting.] 

ORDINARY  MEETING. 

Edward  Bretherton,  Esq.  and  William  Ferguson,  Esq.  were  elected 
Fellows. 

The  following  communications  were  read : — 

I.  On  the  Structure  and  Affinities  of  the  HippuRiTiDiB. 
By  S.  P.  Woodward,  Esq.,  F.G.S. 

[Abstract] 

[The  publicatioii  of  this  paper  is  postponed.] 

These  fossils  were  regarded  by  the  author  as  bivalve  shells,  forming 

*  This  communication  is  printed  in  foil  in  the  BuUeiin  de  la  SocUU  OMogiqw 
de  /Voncf ,  2  ser.  vol.  x.  p.  568. 
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a  distinct  fiunilj,  related  most  nearly  to  the  ChamiddB  and  the  Car- 
diada. 

The  Hippurite  was  shown  to  have  its  Talves  articulated  hj  a  hinge 
essentially  like  that  of  the  Radiolite.  The  internal  ligament  or 
cartilage  is  divided  into  two  portions,  situated  at  the  sides  of  the 
first  or  most  anterior  of  the  three  inflections  of  the  outer  shell-wall ; 
this  ligamental  inflection  is  very  prominent  in  the  Hippurites  eomti- 
vaecinum,  hut  obsolete  in  H.  bioculatua.  Two  prominent  straight 
teeth  are  dereloped  from  the  upper  valve,  parallel  with  the  hii^ge- 
margin,  in  ff.  bioculatus  and  H.  radiosuSf  transverse  to  it  in  i7.  conttc- 
vaccinum.  The  anterior  tooth  supports  a  curved  horizontal  muscular 
apophysis,  shaped  like  the  adductor  impression  in  the  lower  valve ; 
the  posterior  tooth  has  a  long  vertical  process,  sometimes  more  pro- 
minent than  itself,  which  is  received  by  the  cavity  between  the  first . 
(or  ligamental^  and  second  (muscular)  mflection,  which  corresponds 
to  the  muscular  ridge  in  Dtceras  and  Cardilia,  The  third  ridge  in 
the  lower  valve  of  me  Hippurite,  which  meets  a  corresponding  in- 
flection of  the  upper  valve,  was  compared  to  the  siphonal  ri<%e  of 
certain  bivalves,  which  divides  the  inhalent  from  the  exhalent  current 
of  water. 

In  a  series  of  specimens  of  Radiolite*  Hctninghauni,  presented  by 
Mr.  Pratt  to  the  British  Museum,  there  was  evidence  that  the  umbo 
of  the  upper  valve  was  marginal  when  young ;  and  the  ligamental 
inflection,  though  obsolete  externally,  was  always  manifest  inside  the 
upper  valves  which  had  lost  their  inner  shell-layer. 

The  Radiolites  Mortoni  (Mantell)  was  shown,  by  spedmens  from 
the  chalk  of  Kent,  exhibited  by  Mr.  M.  Wright,  to  nave  possessed 
a  thin  internal  layer  with  grooves,  rather  than  sockets,  for  the  teeth 
and  muscular  process  close  to  the  side,  there  being  no  projecting 
ligamental  plate ;  the  interior  (of  the  lower  valve)  was  divided  into 
water-chamoers  by  thin  concave  plates,  as  in  the  various  foreign 
species. 

The  diflerence  between  the  shell-structure  of  the  upper  valves  of 
Hippurite*  and  Radiolite*  was  compared  to  the  diflerence  between 
RhynchoneUa  and  Terebratula,  and  neld  to  be,  in  this  case,  only  of 
generic  importance. 

The  genus  Caprotina,  D*Orbigny,  was  shown  to  include  certain 
species  Te.  g.  C.  4-partita)  which  could  be  compared  to  Radiolites, 
the  hinge-teeth  supporting  plates  for  the  attachment  of  the  shell- 
muscles;  the  anterior  tooth  being  further  connected  with  a  plate 
which  divides  the  umbonal  cavity  of  the  upper  valve  in  two.  The 
first  and  fourth  lobes  of  Caprotina  were  held  to  represent  the  internal 
cartilage  (''accessory  apparatus")  oi Radiolite*, 

Evidence  was  adducea  to  show  that  the  fixed  (or  dorsal)  valve  of 
Caprinella  and  Caprinula  was  always  turned  away  from  the  spiral 
valve,  with  more  or  less  of  a  sigmoid  flexure,  and  not  as  in  the* 
restoration  given  by  M.  d'Orbigny. 

The  genera  Requiema  {R.  Lon*dalet)  and  Monopleura  (M,  im- 
bricata)  were  considered  to  be  more  nearly  related  to  Dicera*  and 
Chatna. 
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2.  GEOLOGICAL  Notices  of  the  Isle  of  Shbppby,  and  of  its 
Outlier  of  Bagshot  Sand.  By  Charles  Henry  Weston, 
Esq.,  B.A.  Cantab.,  F.G.S.,  and  Barrister  at  Law. 

(Reodf  ed  Janutry  2, 1849.) 

[Abridged.] 

The  north-western  and  southern  parts  of  the  Isle  of  Sheppey  are  low 
and  marshy,  as  well  as  a  portion  of  the  north-eastern  coast  from 
Sheemess  to  Scrap  Gate.  From  this  point  the  diff  begins  to  rise, 
and  from  Minster  to  Warden  attains  a  considerable  height.  The 
highest  points  roust  be  at  least  200  feet  above  the  level  of  the  sea. 

The  elevated  coast-line  shelves  off  towards  the  interior  of  the  Isle, 
leaving  such  parts  low  and  marshy ;  but  from  some  circumstances 
connected  witn  the  cliffs  near  Warden  and  the  inclination  of  the 
strata  near  Scrap  Gate,  I  strongly  suspect  that  this  depression  toward 
Ehnley  Isle  is  rather  the  result  of  an  actual  sinking  of  the  strata  in 
that  (urection,  than  the  effect  of  mere  denudation.  I  had  not  time, 
however,  to  substantiate  this  as  a  fact. 

The  extent  of  the  marsh  and  low  ground  on  the  north  side  from 
Sheemess  to  Scrap  Gate  is  about  two  miles.  At  Scrap  Gate  there  is 
a  kiln  for  the  manufacture  of  draining  tiles,  showing  the  existence  of 
clay  intermingled  with  sand,  as  well  as  the  absence  of  lime.  To  these 
points  we  shall  have  occasion  to  refer. 

From  Scrap  Gate  the  coast-line  begins  to  elevate  itself  towards  the 
S.E.,  and  attains  its  greatest  height  at  a  point  about  l^  mile  distant. 
On  its  first  emergence  it  is  composed  of  a  stratum  of  ferruginous- 
coloured  day ;  but  before  reaching  East  End  Lane  Preventive  station, 
another  stratum  of  blue  clay  is  seen  coming  out  from  under  the  super- 
incumbent ferruginous  clay  rising  in  the  same  direction.  At  the  ter- 
mination of  the  diff  at  Warden  (the  southernmost  extremity),  this 
bed  of  blue  clay  forms  the  floor  of  the  sea*. 

After  examining  the  coast-line,  I  proceeded  on  the  following  day 
along  a  great  part  of  the  edge  of  the  cliff,  and  examined  its  upper 
surface.  I  commenced  at  Scrap  Gate,  and  before  reaching  the  East 
End  Preventive  station,  I  found,  to  my  great  surprise,  the  commence- 
ment of  a  bed  of  ferruginous  sands  (see  fig.  p.  400).  This  bed 
extended  itself  towards  me  S.E.  for  about  1^  mile,  crowning  the 
highest  parts  of  the  cliffs.  It  lay  conformably  upon  the  stratum  of 
ferrugmous  cla^,  but  its  limits  I  did  not  trace  beyond  the  Ensbrook 
Preventive  stationf. 

I  was  not  before  aware  that  this  development  of  ferruginous  sand 
existed  in  the  Isle  of  Sheppey ;  and  yet,  in  analogy  with  various  other 
elevated  portions  of  the  London  Clay  on  whose  tops  outhers  of  the 
Bagshot  Sand  are  confessedly  found,  this  deposit  miffht  have  been 
expected  in  this  locality,  which  forms  part  of  the  highest  ground  of 
the  Isle,  and  where  the  upper  portion  of  the  London  Clay  has  also 
evidently  been  attained. 

*  The  day  of  the  diflSi  sometimes  separates  in  conchoidal  forms,  and  some- 
times, while  stratified  and  divisible  into  laminae,  it  exhibits  a  sort  of  cleavage  at 
right  angles  to  the  laminc,  pointing  to  the  roonohedral  symmetry  of  slaty  structure. 

t  1  visited  the  Isle  of  Sheppey  in  April  1848,  and  then  first  saw  this  bed  of 
sand. 
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Thus  on  the  high  ridge  of  Londoii  Clay 
at  Highgate  we  have  an  outlier  of  the 
Bagshot  Sand,  and  the  same  formation 
is  also  to  he  seen  at  Hampstead,  and 
particularly  on  the  sides  of  the  road 
descending  towards  Hendon. 

Thus  also,  when  upon  the  Londcm 
Claj  at  Edgeware,  if  we  ascend  to  Harrow 
W^d,  we  first  find  hrick-kilns  upon  the 
higher  level,  showing  the  commencement 
of  a  superjacent  arenaceous  deposit,  and 
then  arterwards,  fully  developed  upon 
the  high  summit  of  Harrow-on-the-Hil], 
we  find  another  acknowledged  outlier  of 
the  Bagshot  Sand*. 

The  discovery  of  this  ferruginous  bed 
of  sand  leads  to  an  interesting  inference 
when  considered  in  connexion  with  the 
distinction  of  colour,  which  has  been  pre- 
viously noticed  as  existing  between  the 
upper  and  under  portions  of  the  subjacent 
argillaceous  formation.  Two  causes,  ap- 
parently distinct  and  unconnected,  seem 
to  have  been  simultaneously  in  opera- 
tion— ^the  one  producing  an  earthy,  and 
the  other  a  metalliferous  deposit.  Thus, 
while  aluminous  matter  was  being  pre- 
cipitated, there  was  an  outpouring  of 
iron,  dissolved  most  probably  in  water 
containing  carbonic  add  gas.  But  this 
ferruginous  solution  was  not  simply  co- 
extensive with  the  formation  of  the  alu- 
minous stratum ;  it  continued  in  opera- 
tion even  when  the  alumina  had  given 
place  to  silex,  although  a  substance  che- 
mically and  essentiaUy  so  diverse.  The 
origin  of  the  ferruginous  impr^natifm 
was  therefore  independent  of  those  causes 
which  produced  the  earthy  deposits. 

The  same  circumstances  occur  in  other 
places.  Thus  near  Bath  they  are  to  be 
seen  in  the  transition  of  the  clay  of  the 
Upper  Lias  into  the  sand  of  the  over- 
lying Inferior  Oolite ;  while  near  Wey- 
mouth they  are  equally  to  be  noticed  in 
the  passage  (e  contrario)  from  the  Oxford 
Oolite  into  the  superjacent  Kimmeridge 
Cky. 

*  The  geognostic  position  of  these  kilns  and 
that  at  Scrap  Gate  in  the  Isle  of  Sheppey  appean 
to  be  identical 
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That  at  some  fonner  period  the  ferraginous  sand  of  Shf^pey,  though 
aow  Hmited  m  extent,  was  coextensive  with  the  London  Ckiy  beneath^ 
seems  erident  from  the  existence  of  the  Idhis  at  Scrap  Gate,  and  of 
others  which  appeared  to  me  to  be  on  the  Warden  end  of  the  cliffs. 
These  dearlj  show,  that  although  the  arenaceous  deposit  does  not 
exist  in  such  localities  as  a  distinct  mass,  yet  there  is,  in  the  necessary 
loamy  state  of  the  brick  day,  eridence  of  a  transition  state  between 
the  London  Clay  below  and  the  commencement  of  some  sandy  bed 
abore. 

I  do  not  attempt  to  proye  the  identity  of  the  Sheppey  sand  with 
that  of  Bagshot.  My  wish  is  to  bring  tnose  facts  which  I  obsenred 
under  the  notice  of  others,  who  may  haye  an  opportunity  of  minutely 
inyestigatin^  the  subject.  The  disooyery  of  fossils,  or  of  lithological 
characteristics,  or  actual  sequence,  must  be  added  to  the  present 
order  of  superposition  before  we  can  really  prove  that  the  high  lands 
of  Shqipey  bear  an  outlier  of  the  Bagshot  Sand  formation,  in  common 
with  the  other  elevated  portions  of  the  London  Clay. 

The  accompanying  woodcut  gives  an  approximate  section  of  the 
cliffs  on  the  N.E.  coast  of  the  Island. 

Above  the  bed  of  ferruginous  sand,  and  over  the  surface  of  the 
highest  parts  of  the  Isle  of  Sheppey,  rounded  pebbles  are  found,  not 
depoflitea  en  masse,  but  detached  and  scantily  scattered  over  the  sur- 
face. Hence  the  boggy  nature  of  the  Island  in  wet  weather,  the  London 
Clay  coming  up  to  the  surface  almost  uncovered.  These  pebbles, 
both  in  their  shape  and  mode  of  deposition,  are  precisely  similar  to 
those  which  are  round  in  some  locaUties  N.  of  London,  as  at  MusweU 
Hill  and  MiU  Hill ;  and  they  appear  to  be  quite  distinct  from  the 
beds  of  gravel  found  in  various  parts  of  the  valley  of  the  Thames. 


3.  On  the  Thickness  o/  the  London  Clay  ;  on  the  Relatiye 
Position  of  the  Fossiliferous  Beds  <2^  Sheppey,  Highgate, 
Harwich,  Newnham,  Bognor,  ^c;  and  on  the  Probable 
Occurrence  of  the  Bagshot  Sands  tit  the  Isle  of  Sheppey. 
By  Joseph  Prestwich,.  Jun.,  F.R.S.,  F.G.S.  &c. 

§  1.  Thickness  of  the  Clay. 

Haying  firequentljr  had  my  attention  directed  by  Mr.  Searles 
Wood  *to  the  question  of  the  exact  position  in  the  London  Clay  of 
the  peculiar  and  remarkable  fossiliferous  beds  of  Sheppey,  and  of 
the  thickness  of  the  London  Clay  itself  at  that  place,  I  have,  with 
that  special  object  in  view,  made  a  further  examination  of  the  Island, 
and  now  beg  to  lay  before  the  Society  the  result  of  these  observa- 
tions. I  have  availed  myself  of  this  opportunity  to  determine  also 
more  correctly  the  importance  of  the  London  Cky  in  other  parts  of 
its  range,  and  to  settle  approximately  the  position  of  the  strata  of  some 
other  loodities,  well  known  for  their  fossils — separate  lists  of  which 
I  nye  at  the  end  of  this  paper. 
This  question  of  the  thickness  of  the  London  Clay  remains  nearly 
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in  the  state  in  which  it  was  left  by  Phillips  and  Conybeare  in  1822. 
The  impression  likely  to  be  conveyed  by  the  observation  on  this 
subject  in  their  valoable  work*  is  one  which  would  suppose  its 
development  to  be  more  irrmdar,  and  in  places  considerably  greater, 
than  will,  I  believe,  prove  to  oe  the  case.  They  state, — "  The  actuil 
thickness  of  the  London  Clay  in  Sheppey  may  be  estimated,  bv 
addmg  the  height  of  the  cliff  to  the  depth  of  the  wells,  at  530  feet.^' 
Th^  then  proceed  to  say  that  *'it  may*be  supposed  to  be  much 
thicker  in  Essex,"  estimating  it  at  **  H^h  Beech  to  be  about  700 
feet  thick ; "  and  further,  they  report  it  to  have  been  pierced  at 
Wimbledon  to  the  depth  of  530  feet,  without  passing  tnrough  it. 
They  then  give  a  number  of  lesser  measurements,  but  without  stating 
whether  or  not  the  upper  beds  have  been  denuded. 

In  the  following  estmiates  I  have  deemed  it  necessary  to  take  only 
such  lines  of  section  as  afford  a  definite  upper  horizon — the  one 
obtained  by  the  superposition  of  the  Bagshot  sands.  The  base  of 
the  London  Clay  I  have  ascertained  in  all  cases  practicable  by  means 
of  well-sections. 

The  fine  and  complete  coast  sections  in  the  Isle  of  Wight  show 
that  the  total  thickness  of  the  London  Clay  at  Alum  Bay  is  193 
feet,  and  at  White  Chff  Bay  363  feet.  The  Artesian  well  at 
Southampton  affords  another  exact  measure  of  320  feet.  Passing 
over  to  tne  London  Tertiary  area,  there  exist  no  definite  measure- 
ments in  the  neighbourhood  of  Hungerford  or  Newbury ;  taking, 
however,  into  consideration  the  dip  of  the  beds  and  the  hei^t  of 
the  hills,  I  do  not  think  that  the  entire  thickness  of  the  London  Clay 
there  exceeds  200  to  250  feet,  which  increases,  as  it  ranges  westward 
towards  Basingstoke  and  OdLham,  to  330  feet  f.  In  the  neighbour- 
hood of  Reading  and  Wokingham,  judging  from  a  well  commenced 
at  Bear  Park,  the  London  Clay  cannot  be  less  than  370  to  400  feet 
thick ;  whilst  at  Chobham,  where  it  is  overlaid  by  265  feet  of  Bag- 
shot  sands,  it  was  rou^ly  estimated  b^  the  well-digger  at  400  feet. 
In  the  north  part  of  Windsor  Forest  it  has  been  found  about  350 
feet  thick,  and  if  to  this  we  add  the  height  of  the  groimd  to  where 
the  Bagshot  sands  set  in,  it  will  also  give  us  a  thickness  of  about 
400  feet.  At  the  foot  of  Hampstead  Hill,  in  the  Tottenham  Court 
Road,  and  Rent's  Park,  the  London  Clay  is  from  70  to  140  feet 
thick  ;  at  the  Lower  Heath,  285  feet.  If  to  this  we  add  the  depth 
from  the  top  of  the  hill,  and  take  off  25  feet,  as  the  thickness  of  the 
capping  of  gravel  and  Bagshot  sands,  it  will  give,  in  round  numbers, 
a  total  thickness  of  about  420  to  440  feet  to  the  London  Clay  at  that 
spot  (see  fig.  1,  p.  404). 

With  re^rd  to  the  exceptional  thickness  of  530  +  and  of  700  feet, 
assigned  to  the  London  Clay  at  Wimbledon  and  High  Beech  by 
PhiUips  and  Conybeare,  there  are,  I  believe,  errors  in  both  instances. 
In  the  first  case,  the  Mottled  Clays  beneath  the  London  Clay  are 
sometimes  so  largelv  developed,  that  in  places  not  flu*  distant  (as  at 
Chertsey  and  Chobham)  there  frequently  is  no  sufficient  mass  of 

*  Geology  of  England  and  Wales,  p.  33. 

t  Well-section  at  Dogmersfield,  Joum.  Geol.  Soc  vol.  x.  p.  97. 
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intentratified  sands  to  afford  a  water  supply,  so  that  wells  have  been 
carried  through  the  London  Clay,  and  then  passed  almost  at  once 
into  the  Mottled  Clay,  in  consequence  of  wnich  works  have  been 
given  up  and  abandoned.  This  may  have  occurred  at  Wimbledon ; 
and  poasiblv  no  line  of  demarcation  having  been  drawn  between  the 
two  clajSy  they  were  put  down  together  as  one  mass  of  London  Clay  *. 
We  know  the  thickness  of  the  London  Clav  to  be  230  feet  deep  at 
the  Ajrylum  at  Garrett,  and  210  feet  at  Mortlake ;  if  to  these  we  add 
the  height  of  the  Wimbledon  Hill  above  those  places,  it  will  hardly 
give  a  thickness  of  400  feet  to  the  London  Clay  at  Wimbledon.  The 
fine  of  section  (fig.  1,  p.  404)  between  Hampstead  and  Wimbledon, 
which  takes  the  evidence  afforded  by  wells  at  intermediate  stations, 
shows  a  structural  result  in  conformity  with  the  foregoing  obser- 
vationsf. 

The  other  case,  at  High  Beech,  arises  from  an  error,  originating 
apparently  with  the  Trigonometrical  Survey  %$  in  which  that  spot  is 
staged  to  be  750  feet  figh.  Phillips  and  Conybeare,  knowing  the 
height  of  the  ground  at  a  well  at  Epping  to  be  340  feet  above  high 
water  mark,  and  the  thickness  of  tne  cky  to  be  392  feet,  added  to 
the  latter  the  additional  height  of  the  ground  at  High  Beech,  or  of 
300  feet  more, — giving  an  estimate,  therefore,  of  fU>out  700  feet. 
I  find,  however,  by  observations  with  the  aneroid  barometer,  that 
the  height  of  High  Beech  above  the  sea  level  can  hardly  exceed  440 
feet ;  and  further,  I  find  that  the  hill  is  capped  by  a  thin  covering  of 
gravel  and  Basshot  sands,  amounting  together  probably  to  about  20 
or  30  feet.  In  the  valley  of  the  Lea,  to  the  west  of  High  Beech, 
the  depth  to  the  base  of  the  London  Clay  is  about  50  feet  §  at 
Waltham  Cross,  40  feet  at  Waltham  Abbev,  1 22  feet  at  Sewardstone, 
and  80  feet  at  Turkey-street,  Enfield,  whilst  at  Northaw  the  chalk  is 
at  the  surface  in  the  valley  to  the  east  of  the  village.  Again,  at 
Lou^ton,  a  few  miles  east  of  High  Beech,  a  well  has  travened  the 
London  Clay,  and  reached  the  Chalk  at  a  depth  of  320  feet.  Now,  if 
we  run  a  line  of  section  (fig.  2,  p.  404)  from  Northaw,  across  the  valley 
of  the  Lea,  through  High  B^ch,  to  Loughton,  and  take  a  calculated 
thickness  afforded  by  the  several  above-mentioned  well-sections 
(though  our  line  does  not  exactly  pass  through  any  of  them),  we 
may  approximate  very  closelv  to  the  thickness  of  the  London  Clay 
at  these  places,  and  conclude  that  at  High  Beech  it  cannot  exceed 
430  to  440  feet.  At  Hunter's  Hall,  near  Epping,  and  at  a  height, 
according  to  Conybeare  and  Phillips,  of  410  feet  above  the  Thames, 
the  Lower  Tertiary  sands  were  reached  at  a  depth  of  350  feet.    If 

*  Allowing  for  this,  the  reported  tbicknets  stiD  seems  100  feet  too  much. 

t  Mr.  Mylne  informs  me  that  the  Chalk  has  recently  been  reached  at  Mr. 
B^tomont's,  on  the  east  side  of  Wimbledon  Common,  at  a  depth  of  465  feet. 
^J.  P.,  Jun.,  Sept.  1854. 

t  yoi.  iii.  p,  306.  Langdon  HiU,  Essex,  is  nven  at  620  feet ;  bnt  this  hill  surely 
cannot  exceed  about  400  feet  above  the  sea  leveL 

$  I  am  not  quite  satisfied  as  to  the  exact  correctness  of  these  measurements,  since 
in  some  of  the  wells  the  Mottled  Clay  has,  I  suspect,  been  included  in  the  thick- 
ness of  the  London  Clay.  Making,  however,  these  corrections  where  they  seem 
y,  these  numbers  cannot  be  far  from  the  truth. 
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we  connect  this  well  with  others  in  the  Tslley  of  the  Lea,  and  add  to 
it  the  extra  height  of  the  hill  at  High  Beech  (deducting  the  gravd 
and  the  Bagshot  sands,  and  judging  the  beds  to  be  almost  lerel),  it 
will  still  give  about  440  feet  as  the  thickness  of  the  London  day. 

Figs.  1,  2. — Outline  Seetiofu  of  the  London  Clay. 

[The  Tertical  dotted  lines  in  figs.  1, 2,  3,  &  4  maik  the  position  of  wdUectkHo.] 

Scale.— Horis.liDchto6inilM.      Veit.  1  Indi  to  SOOO  It. 

Fig.l. — From  Cheam  to  Hampttead. 


Seiulevel, 


W. 

Seft.lerel. 


Fig.  2. — From  Northaw  to  Loughton. 

%i       *n      III  i 

3      Z  H>>^>pS  SUHlS.       ^ 


/.  LcMidon  Clay, 
c.  Chalk. 


A  section  from  Havering-atte-Bower  to  Brentwood,  at  boUi  of 
which  places  we  have  traces  of  the  Bagshot  sands,  passes  two  points 
where  the  lower  sands  have  been  reached,  and  gives  an  aTerage 
thickness  of  450  feet  to  the  London  Clay.  Warlej  Parsonage  and 
Brook-street  are  both  situated  about  20  to  40  feet  below  the  level  (^ 
the  Bagshot  sands,  which  cap  the  summit  of  the  hill  at  Brentwood, 
and  at  the  former  place  the  London  Clay  was  found  to  be  390  feet 
thick,  and  at  the  latter  about  400  feet. 

Proceeding  eastward,  we  approach  the  Sheppey  and  Southend 
district,  and  here  the  London  Clay  seems  to  expand.  As  the  strata 
are  apparently  not  much  disturbed,  and  there  are  a  considerable 
number  of  well-sections,  we  can  form  a  tolerably  approximate 
estimate,  although  we  have  no  section  which  traverses  this  deposit 
at  the  points  where  the  series  is  complete.  I  will  first  take 
an  east  and  west  section  through  Sheppey  (fig.  3).  At  Cowling, 
near  Gravesend,  the  chalk  is  at  me  surface.  At  Sheemess,  9|  miles 
eastward  from  this  place,  three  Artesian  wells  give  respectively  a 
thickness  of  347, 356,  and  347  feet  to  the  London  Clay.  At  Queens- 
borough  (two  miles  south  of  Sheemess,  and  on  the  same  level, — and  at 
the  same  distance  from  Cowling),  the  London  Clay  is  280  feet  deep; 


Digitized  by 


Google 


1854.] 


PRKSTWICH — LONDON  CLAY. 


405 


I 


's^ 


'fe» 


IS 


•« 

«> 


<« 


CO 


I*    I 


Digitized  by 


Google 


406  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.      [Maj  24, 

our  section  passes  between  these  two  places,  and  at  a  point,  therefore, 
where  we  may  estimate  the  London  Clay  to  be  about  320  feet  deep  *. 
A  rough  measurement  by  the  aneroid  barometer  gave  me  160  feet 
as  the  height  of  the  ground  at  Minster  Church  (where  a  Nautilw 
was  found  at  a  depth  of  16  feet,  which  shows  the  London  Clay  to  rise 
to  the  surface,  a  bed  of  gravel  excepted),  and  180  feet  as  the  height 
of  the  hill  at  "  The  Chequers,"  tne  lughest  point  in  the  Island. 
Between  these  two  places  a  thick  bed  of  light  yellow  sand  sets  in,  and 
attains,  with  the  oyerlying  ffrayel,  a  tluckness  of  20  to  30  feet. 
This  bed,  which  possibly  belongs  to  the  lower  part  of  the  Lower 
Bagshot  sands,  does  not  extend  much  further  f.  As  our  section  now 
runs  parallel  with  the  shore,  we  may  take  the  dip  of  the  strata  along 
this  part  of  the  line  from  that  of  the  beds  in  the  corresponding 
portion  of  the  difBs,  or  as  nearly  level  along  thdr  strike  west  and 
east  for  a  distance  of  about  two  miles ;  furUier  on,  the  strata  rise 
slightly  eastward.  Passing  over  the  bare  London  Clay!  at  the  east 
end  of  the  Island,  and  crossing  the  entrance  of  the  SwEde,  we  reach 
Heme  Bay,  where  the  London  Clay  still  continues  to  rise  eastward, 
at  an  inclination  which,  about  1^  mile  beyond  this  town,  brines  up 
the  Lower  Tertiary  sands  to  the  sea  level.  It  would  appear,  Uiere- 
fore,  that  the  centre  of  the  Isle  of  Sheppey,  from  Minster  to  East 
Church,  lies  in  the  deepest  part  of  the  curve  formed  by  this  line  of 
section ;  and,  after  deducting  30  feet  for  gravel  and  sand,  it  would 
seem  that  the  thickness  of  the  London  Clay  is  here  about  470  to 
480  feet. 

We  will  now  take  a  line  of  section  (fig.  4,  p.  405),  intersecting 
the  former  one  in  the  centre  of  Sheppey,  and  prolonged  in  one  direc- 
tion south-east  to  Canterbury,  and  in  the  other  norm-west,  crossing 
the  Thames  to  the  cliffs  at  Southend,  and  thence  to  the  nei^bourhood 
of  Rayleigh.  On  this  line  we  have  a  well-section  on  Blean  Hill, 
where  the  chalk  has  been  reached  at  a  depth  of  160  feet.  At 
Graveney  we  find  the  Thanet  sands  at  the  surface.  The  London 
Clay  sets  in  in  the  adjoining  marshes ;  and  at  Harty,  on  the  opposite 
shore  of  Sheppey,  attains  a  depth  of  133  feet.  Thence,  crossing 
the  former  line  of  section  (fig.  3,  p.  405),  near  East  Church,  this  line 
reaches  the  ^ore  at  East  End,  the  dip  continuing  appaienUy 
without  much  diminution  as  far  as  this  pomt  %'  The  cliff  between 
East  End  and  Ramsley,  like  the  hill  to  the  east  of  Minster,  also 
exhibits,  at  its  highest  points,  sections  of  the  sands  which  I  refer 

*  The  curve  giving  thig  depth  is  determined  by  taking  the  London  Clay  at  its 
known  outcrop,  near  Sittingboome,  again  at  King's  Ferry,  where  it  h«i  beea 
ascertained  to  be  200  feet  deep,  and  continuing  this  line  direct  through  Queens- 
borough  and  Sheemess. 

t  In  1847,  I  noticed  the  extension  of  the  Bagshot  sands  over  the  top  of 
Langdon-hill  to  the  hills  at  Rayleigh  near  Southend,  and  therefore  nearly  oppo- 
site Sheppey.  They  are  more  important  at  the  former  than  at  the  latter  place, 
attaining  near  Rayleigh  and  above  Benfleet  a  thickness  of  30  to  40  feet  I  have 
not  been  able  to  find  any  fossils  in  these  sands.  It  is  therefore  possible  that  they 
may  belong  to  some  drift  bed,  but  the  probabilities  are,  however,  in  favour  of  tbctr 
belonging  to  the  Bagshot  series. 

t  In  the  bed  of  the  Thames  I  have  marked  the  probable  prolongation  of  the 
slight  anticlinal  formed  by  the  chalk  at  CM,  Gnvesend,  and  Purfleet. 
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to  the  Lower  Bagsbots ;  tbey  are  from  5  to  20  feet  thick,  and  are 
orerlaid  bj  5  to  10  feet  of  gravel.  It  is  difficult  to  measure  the  exact 
height  of  these  clay  cliffs,  owing  to  the  continual  fall  of  their  upper 
portion,  and  to  the  broken  and  sloping  surface  which  thej  conse- 
quently present.  The  mean  of  several  observations  with  an  aneroid 
barometer,  and  of  an  approximate  measurement  with  a  tape  line,  gave 
aboHt  130  feet  as  the  height  of  the  cliff  at  the  Coast-Guard  station. 
East  End. 

Thence,  passing  over  to  Essex,  we  reach  the  London  Claj  cliffs  of 
Southend.  A  few  miles  north  of  this  town  there  are  several  deep 
Artesian  wells.  One  at  the  Union  at  Bochford  traverses  the  London 
Clay  to  a  depth  of  330  feet,  before  reachincr  the  Lower  Tertiary  sands. 
In  another,  at  Stroud-green,  the  London  Clay  is  390  feet  deep,  whilst 
at  Rayleigh  it  is  400  feet  deep.  Allowmg  for  the  difference  of  level, 
and  connecting  these  several  well-sections,  the  London  Clay  will  be 
420  feet  deep  at  the  point  of  intersection  with  our  plan.  At  a  short 
distance  from  this  spot,  and  nearer  Rayleigh,  the  nills  which  there 
attain  a  height,  by  aneroid  barometer,  of  about  180  to  200  feet,  are 
capped  by  20  to  30  feet  of  Bagshot  sands.  Descending  into  the 
valley  of  the  Blackwater,  at  BatUe-bridge,  an  Artesian  well  has  been 
sunk  through  350  feet  of  London  Clay  to  the  Lower  Tertiary  sands. 
Connecting  together  the  different  points  determined  or  estimated  on 
this  line  of  section,  we  come  to  about  the  same  result  as  in  the  pre- 
vious instance,  viz.  that  the  London  Cla^  at  Sheppey  is  probably 
from  470  to  480  feet  thick,  and  that  it  is  about  the  same  on  the 
opposite  coast  of  Essex. 

At  Foulness  Island,  in  Essex,  there  are  Artesian  wells  through  th^ 
London  Clay  400  feet  deep.  Beyond  this  place  the  London  Clay  gra- 
dually rises,  its  base  coming  apparently  within  20  or  30  feet  of  the 
surface  at  the  river  level  at  Colchester,  and  at  the  sea  level  at  Walton 
and  Harwich ;  whilst  at  Ipswich  the  Lower  Sands  come  to  the  surface. 

From  the  forgoing  observations  it  would  appear  that  the  London 
Clay  gradually  expands  as  it  ranges  from  west  to  east,  at  first  rather 
rapidly  until  it  attains  a  thickness  of  from  300  to  400  feet,  and  then 
very  gradually  until,  in  the  neighbourhood  of  London,  it  averages 
fit>m  400  to  440  feet  thick  *.  In  the  Isle  of  Sheppey,  and  on  the 
opposite  Essex  coast,  however,  it  reaches  its  greatest  development, 
bemff  there  apparently  as  much  as  470  to  480  feet  thick.  As  the 
r^;iuui^  of  tms  development  does  not  agree  with  opinions  I  have 
freonenuy  heard  expressed  on  this  subject,  I  may  mention  in 
ex^nation,  idthough  probably  hardly  necessary,  that  the  London 
Clay  was  not  spreiul  over  a  denuded  land  surface,  but  was  a  con- 
tinuation of  a  series  of  marine  and  estuarine  deposits,  which  had 
previously  filled  up  and  smoothed  over  the  irregularity  of  the  old 
chalk  surface.  The  lenticular  shape  of  this  laree  mass  of  clay  (for  it 
thins  off  again  eastward  as  it  ranges  through  Belgium)  is  very 
striking,  and  has  an  interesting  theoretical  bearing. 

^  I  am  now  of  coone  speaking  of  it  apart  from  the  local  diminution  of  its  thick- 
ness produced  by  denudation,  whid^  necessarily  gives  it  at  present  a  very  variable 
thickness. 

VOL.  X. — PART  1.  2  P 
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§  2.  Pontion  of  the  FostiU. 

The  organic  remains  of  the  London  Clay  are  distributed  in  groups 
marking  particular  zones.  Of  these  zones  we  may  take  as  types — 
Sheppey,  Highgate*,  Ck)penhagen-fields  and  Pirimrose-hiU,  and 
Bognor.  In  consequence  of  the  debris  masking  the  surface  of  the 
Sheppey  cliffs,  and  from  the  circumstance  of  the  fossils  always  being 
sought  for  amongst  the  shingle  on  the  beach,  where  the  sea  leaves  them 
after  washing  away  the  clay,  their  exact  position  in  these  cliffs  has 
not  yet  been  determined.  One  fact,  however,  is  apparent ;  the  fossil 
seeds  and  fruits,  which  constitute  so  peculiar  a  feature  in  the  organic 
remains  of  this  locality,  are  found  in  the  greatest  {profusion  here  where 
the  cliffs  are  capped  by  the  Bagshot  sands ;  the  inference,  therefore, 
is,  that  this  singular  flora  belongs  mainly  to  some  of  the  highest  beds 
of  the  London  Ulay,  probably  chiefly  to  the  upper  50  to  60  feet.  At 
least,  I  presume  that  it  ma^  be  owing  to  the  absence  of  these  highest 
beds,  which  alone  are  wantmg  at  Southend,  that  the  fossil  fruits  and 
seeds  are  so  much  scarcer  there,  though  well-preserved  specimens  of 
shells  and  Crustacea,  similar  to  those  found  at  Sh^pey,  abound. 
Otherwise  there  is  a  general  community  of  species,  whioi  induces  me 
to  include  them  in  one  zone,  whilst  the  position  of  the  beds,  as  deter- 
mined in  fig.  4,  p.  405,  shows  them  to  be  nearly  in  the  same  horizon. 
The  few  fossils  found  at  Brentwood  (in  the  railway  cutting)  and  at 
Egham  HiU  belong  to  this  zone. 

The  Highgate  fossils  belong  to  a  rather  lower  portion  of  the 
London  Cmy ;  they  occur  chiefly  near  the  level  of  the  road  at  the 
Archway  in  beds  of  sandy  clay,  which  are  about  110  to  130  feet 
below  the  outlier  of  Bagshot  sands  capping  the  hill.  The  faunas  of 
Newnhamf  and  of  ClewetVgreen  J  near  Basingstoke  agree  veiy 
closely  with  that  of  Highgate,  whilst  the  position  of  the  beds  is  also 
similiur  §.  There  is,  however,  a  greater  admixture  of  some  of  the 
forms  which  prevail  in  the  lower  zones. 

The  Chalk-farm,  Primrose-hill,  and  Copenhagen-fields  fossils  form 
another  zone,  about  100  feet  still  lower  in  the  London  Clay.  The 
fossils  of  Kew  and  Brentford  belong  to  this  zone,  whilst  further 
westward  these  beds  are  probably  represented  by  the  fossiliferous 
3eds  of  Cuffell,  near  Basingstoke  || ;  but  here  again  there  is  a  greater 
M)mmunity  of  species  in  the  several  zones. 

The  Harwich  and  Bognor  group  of  fossils  belongs  to  the  lowest 
part  of  the  London  Clay,  as  do  also  the  fossils  of  the  lower  strata  at 
rotter*  s-bar  near  Bamet,  of  Sherfield  and  Old  Basing  near  Basing- 

*  That  different  beds  of  the  London  Clay  are  characterised  by  pecnliargroaps  of 
foMils  was  a  fact  first  noticed  in  the  neighbourhood  of  London  by  Mr.  Wetherdl, 
in  1836,  in  an  interesting  paper  pablished  in  the  Lond.  and  Edinb.  PhiL  Mag. 
vol.  ix.  He  there  shows  that  the  Highgate  fossils  are  many  of  them  pecnhar  to 
that  spot,  that  the  fossils  of  Primrose-hiU  and  Regent's-park  constitute  another 

Soap  on  a  lower  levd,  and  considers  that  the  beds  at  Islington  and  west  of 
erne  Bay  form  a  third  lereL 

t  Quart.  Jonm.  GeoL  Soc  vol.  iii.  p.  371.  %  Ibid.  p.  370. 

$  Some  fossils  found  at  the  railway  station  of  the  Crystal  Palace  indicate  tiie 
occurrence  of  these  beds  near  the  summit  of  the  Norwood  hills. 
II  Quart.  Joum.  GeoL  Soc  toL  iii.  p.  369. 


Digitized  by 


Google 


1854.]  PRE8TWICH — LONDON  CLAY.  409 

ttoke,  and  part  of  the  sectionfl  at  Pebble-hill  near  Hangerford,  and 
of  Clarendon-hill  near  Salisbury  *. 

At  Alum  BtLj,  in  the  Isle  of  "^^ht,  where  the  London  Clay  is 
not  so  thick,  its  palaeontological  divisions  are  less  marked,  and  similar 
fbnils  are  more  generally  prevalent  throughout  its  entire  mass. 

Confining  ourselyes  to  the  London  district,  it  would  appear,  that, 
although  a  great  proportion  of  the  fossils  range  at  intervals  vertically 
throughout  the  London  Clay,  yet  their  development  is  very  dif- 
ferent in  different  zones,  being  abundant  in  some  and  scarce  in  others, 
whilst  each  zone  is  Airther  marked  by  a  few  characteristic  species, 
thus  forming  distinct,  although  nearly  related  groups ; — ^that  plant 
remains  occur  sparingly  throughout  the  mass  of  the  London  Clay, 
but  that  their  chief  development  is  in  the  uppermost,  or  perhaps 
superadded,  beds  in  the  eastern  area,  in  which  also  are  entomoed  the 
great  bulk  of  the  reptilian  and  fish  remains ; — that  a  profusion  of 
molluscs  indicating  waters  of  a  more  moderate  depth  characterise 
its  second  descendmg  stage ; — that  deeper-sea  forms  prevul  in  the 
third  stage  in  the  eastern  area,  but  are  replaced  by  a  snallower  water 
&una,  more  nearly  allied  to  the  fossils  of  the  second  staee,  as  we 
proceed  westward ; — and  that  the  same  change  takes  place  abo  in  the 
fourth  and  lowest  stage,  many  of  the  forms  of  the  upper  divisions 
beine  common  to  it  in  the  westward  area,  where  the  sea  was  evi- 
dently shallow,  whilst  eastward  we  have  indications  of  the  maximum 
depth  of  the  London  Clay  sea,  with  a  very  scanty  fauna  of  deep-sea 
forms* 

It  must  not,  however,  be  supposed  that  the  fossils  are  dispersed 
cither  vertically  or  horizontally  with  any  uniformity  as  to  numbers : 
although,  as  before  mentioned,  certain  zones  are  characterized  by 
certain  groups  of  organic  remains,  yet  the  fossils  tend  to  occur  in 
greater  or  less  abundance  in  certain  beds.  This  is  especially  the 
case  in  the  lower  zone,  which  is  frequently  almost  totally  imfos- 
ailiferous ;  the  third  zone,  likewise,  is  often  marked  by  the  absence 
of  fossils,  and  so  again  with  the  ^per  zone ;  the  fossils  appear  more 
permanent  in  the  second  zone,  lliese  zones  are  necessarily  artificial, 
as  no  actual  division  exists,  and  the  organic  remains  and  mineral 
characters  are  continuous ;  but  they  serve  to  mark  the  distmct  con- 
ditions of  the  fauna  and  flora  at  particular  periods,  and  show  the 
prevalence  generally  of  like  forms  on  the  same  levels ;  they  are  not, 
nowever,  to  be  taken,  by  any  means,  as  constant,  but  merely  as  local 
centres  for  convenient  reference  and  grouping. 

The  following  table  shows  this  general  order  of  succession,  and 
the  position  of  Uie  several  fossiliferous  zones.  The  divisions  are  not 
given  as  very  definite ;  they  may  vary  50  feet  either  one  way  or 
the  other,  according  to  the  thickness  of  the  London  Clay  itself  in 
different  parts  of  its  area ;  but  they  will  serve  to  show  generally  the 
relative  position  of  the  beds  at  the  different  places  named.  Only 
the  principal  localities  are  given. 

^  Quart.  Joum.  GeoL  Soc  vol.  ii.  p.  235,  236,  and  vol.  iii.  p.  367. 
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Feet 

Pint  (appcrmost).    70 

150 

Second.                   80 

100 
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General  tTenge  thirkneee. 
Westward  Eastward 

Foasiliferons  localities. 

{Cliffs  of  Sheppey  and  of  Southend;  Brent- 
wood-hill;  Egham-hilL 
Blargaretting-street,  near  Chelmsford ;  High- 
gate  Archway*;  Wandsworth  Common; 
Railway  station,  Crystal  Palace;  Newn- 
ham;  Clewet's-green. 
Third.  100        140        Cliffs  between  Heme  Bay  and  Whitstable; 

Colchester;    Chalk-£srm;     Primrose-hill; 
Copenhagen-fields;  Islington;  Whetstone; 
Homsey;  Colney  Hatch;  Kew;  Brentfivd; 
CuffelL 
Fourth.  50  90        Harwich;  Walton;  Cliff  east  of  Heme  Bay  (?); 

Potter's-bar  (?) ;    Hedgerly;  Old  Ba^; 

Sherfield ;  upper  part  of  Pebble-hiU  and  of 

300        480  Clarendon-hill;  Bognor. 

A  question  arises,  whether  the  upper  beds  of  the  London  Clay  in 
Kent  and  Essex  may  not  represent  some  portion  of  the  Lower 
Bagshot  or  Bracklesham  sands  of  Berkshire  and  Hampshire,  or 
whether  the  200  to  300  feet  of  London  Cky  of  the  latter  district 
represents,  in  mass  as  well  as  in  time,  the  460  to  480  feet  of  the 
former  district.  I  am  inclined  to  take  the  latter  view,  and  to 
consider  the  eastern  district  to  have  derived  its  superadded  features 
from  its  proximity  to  the  sources  of  the  river  supply  of  the  period, 
and  to  the  greater  depth  of  the  sea  in  that  area  (or  to  a  more  rapid 
subsidence  of  the  bed  of  the  sea),  so  as  to  allow  of  a  larger  accumula- 
tion of  sediment,  and  to  result  in  a  greater  depth  of  strata. 

§  3.  Lists  of  Organic  Remains. 

As  no  separate  and  complete  lists  of  the  fossils  of  Sheppey,  High- 

fte,  and  other  localities  mentioned  in  the  text  have  been  published, 
have  endeavoured  to  determine  with  some  accuracnr  these  different 
faunas.    There  are,  fortunatelv,  several  special  collections  of  great 
value  to  asnst  an  inquiry  of  this  nature ;  Mr.  Wetherell,  who  has 
materially  assisted  me  in  this  inquiry,  having  for  many  years  zealously 
collected  all  the  fossils  found  at  Highgate  and  its  vicinity  (the  road 
at  the  Archway  on  Highgate-hill,  the  railway  cuttings  at  Primrose- 
hill,  Ck)penhagen-fields,  Homsey,  and  Whetstone,  &c.);  whilst  Mr. 
Bowerbank,  on  his  side,  has  amassed  a  like  unrivalled  series  of  the 
Sheppey  fishes,  reptiles,  Crustacea,  and  plants.  The  collection  of  Mr. 
Edwards  from  both  these  places,  although  subordinate  to  his  admirable 
ollection  of  Bracklesham  Bay  fossils,  is  very  important.     More  re- 
Bntly  Mr.  Lunn  has  formed  a  valuable  collection  of  the  Southend 
)ssils.     My  own  attention  has  been  chiefly  tiuned  to  such  less  im- 
ortaat  locaUties  and  sections,  asfrom  their  distance  or  temporary  nature 
have  not  come  within  the  examination  of  such  assiduous  collectors. 
Further,  the  valuable  publications  of  the  Paleeontographical  Society 

^  The  beds  at  Finchleyand  at  Haver8tock-hill  would  seem  to  occupy  a  pontioi 
intermediate  between  these  second  and  third  zones.    The  zones  may  posablj 

be  multiplied. 
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have,  during  the  last  few  years,  advanced  most  materially,  and  given 
an  unusual  completeness  to  most  branches  of  Tertiary  palaeontology  *. 
The  Report  also  hj  Professor  Asassiz,  in  1844,  on  the  fossil  fishes  of 
the  London  Clay  is  a  monograph  of  the  greatest  value,  and  presents 
Qs  with  a  research  such  as  few  other  strata  have  undergonef.  The 
Crustacea  yet  ofiPer  a  rich  and  almost  unexplored  field;  Professor 
M'Coy  has,  however,  described  a  few  species^.  Mr.  R.  Jones  has 
commenced  an  examination  of  the  Foraminifera  and  Entomostraca, 
which  will,  it  is  hoped,  be  continued. 

[Parts  of  these  lists  will  be  found  more  complete  than  the  rest,  in  consequence 
of  some  groups  of  fossils  and  some  beds  having  been  the  object  of  more 
especial  research  than  others.  Many  species  will  probably  be  found  to  have 
a  greater  range.  The  prevalence,  however,  of  certain  fosdls  at  certain  levels 
is  the  essential  and  prominent  feature.  An  asterisk  marks  the  common  and 
characteristic  tkeUt;  I  cannot  at  present  safely  apply  it  to  the  other  groups.] 

First  Zonb. — Isle  ofSheppey  Fossils  (clif -section), 

AVEB. 

Halcyomis  ToUapicns,  Owen,                     lithomis  vulturinus,  Owen, 
(Lanu,  Kon.)  (?)  Emuinus,  Bowwb, 

Reptilia. 

Chelone  breviceps,  Owtn.  Bmys  Delabechii,  BeH 

conveza,  Owen.  laevis,  BelL 

cundceps,  Owen,  testudiniformis,  Owen. 

latiscutata,  Owen.  PUtemys  Bowerbankii,  Owen. 

—  longiceps,  Owen.  Bulloddi,  Owen. 

subcarinata,  Owen.  Trionyx  pustulatus,  Oimm. 

subcristata,  Owen.  Crocodilus  champsoides,  Owen. 

Emys  bicarinatus.  Bell,  Toliapicus,  Owen. 

Comptoni,  BeU,  Palaeophis  Toliapicus,  Owen. 

Pisces. 

Acestrus  omatus,  Ag.  Auohemlabrus  frontalis,  Jg. 

Adpenser  Toliapicus,  Jg.  Bothrosteus  minor,  Ag. 

.£tobatis  irregularis,  Ag.  Brachygnathus  tenuiceps,  Ag. 

subarcuatus,  Ag.  Brychetus  Mulleri,  Ag. 

Ampheristus  Toliapicus,  K9n,  Calopomus  porosus,  Ag. 

*  The  following  very  important  monographs  on  the  Eocene  fossils  have  already 
been  published : — 

ProfessorOwen  and  Professor  Bell,  **  On  the  Chelonia  of  the  London  Clay,''  1849. 

Mr.  F.  E.  Edwards,  **  On  the  Cephalopoda  of  the  Eocene  Formations/'  1849. 

Professor  Owen,  *'  On  the  Crocodilia  and  Ophidia  of  the  London  Clay,"  1850. 

Milne-Edwards  and  J.Haimes,  *'0n  the  Corals  of  the  Tertiary  Formations,"  1850. 

Mr.  Charles  Darwin,  "  On  the  Fossil  Lepadids  of  Great  Britain,"  1851. 

Mr.  Thos.  Davidson,  **  On  the  British  Tertiary  Brachiopoda,"  1852. 

Professor  E.  Forbes, ''  On  the  Echinoderroata  of  the  British  Tertiaries,"  1852. 

Where  the  London  Qay  is  spoken  of  in  these  monographs  it  is  generally  under- 
stood to  indude  the  Bracklesham  sands  and  the  Barton  clays.  I  restrict  the 
term  to  the  lower  deposits  of  London  and  of  Hampshire. 

t  Report  of  the  Brit.  Assoc,  for  the  Advancement  of  Science,  1845,  p.  279.  This 
hfts  been  further  revised  and  added  to  by  Sir  Philip  Egerton  in  Mr.  Dixon's 
**  Geology  of  Sussex,"  and  in  the  edition  just  published  of  Morris's  Catalogue. 
I  a^  myself  of  the  assistance  afforded  by  this  latter  very  valuable  work,  which 
baa  readied  me  as  this  paper  is  going  through  the  press,  in  the  final  revision  of  the 
bats  in  the  text— J.  P.,  August  1854. 

X  Ann.  and  Mag.  Nat.  Hist.  2nd  Ser.  1849,  vol.  iv.  p.  161. 
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Caicbarodoiiangiiitideiis,^^.  CLToH^ 

tqHeut  Sf  C.  heterodtm^  Ag. 
^— —  Bubsemtus,  Ag* 
Ccelooeplialiis  salmonens,  Ag, 
Coeloperca  Utifrons,  Ag. 
Coelopoma  Colei,  Ag, 

l«ve,  Ag. 

CoelorhynchoB  rectus,  Ag. 
Cybium  macropomam,  Ag, 
Elasmodus  Hunteri,  Eger. 
Eurygnathiu  cavifrons,  Ag. 
Glypbis  hastalis,  Ag, 
Goniognathus  coryphmoidet,  Ag. 

maipllaris,  Ag. 

Gyrodus  Isevior,  Ag. 
Halecopsis  leyis,  Ag. 
HypsodoD  oblongus,  Ag. 

—  Toliapicus,  Ag. 
Labrophagos  esocmtis,  Ag, 
Lamna  compressa,  Ag. 
elegans,  Ag, 

Hopei  {Odontatpui),  Ag. 

yerticalis  (fidontttipit)^  Ag, 

Laparos  alticeps,  Ag. 
Loxostoinas  mancus,  Ag. 
Megalops  priscus,  Ag, 
Meriiniu  cristatns,  Ag. 
Myliobatis  acutus,  Ag. 

canaliculatus,  Ag. 

Colei,  Ag. 

—  Dixoni,  Ag, 

— ^  gODiopleanu,  Ag. 


heteropleunu,  Ag. 

jugaliB,  Ag, 

lateralia,  Ag. 

— ^  nitidut,  Ag. 


Myliobatis  Oweni,  Ag. 
—  panctatus,  Ag. 

striatus,  Ag. 

Toliapicos,  Ag. 

Myripristis  Toliapicus,  Ag. 
Notidanos  serratissimiis,  Ag. 
Otodas  macrotus,  Ag. 

obliquus,  Ag. 

Pachycephalos  cristatns,  Ag, 
Percostoma  angusttim,  Ag, 
Periodus  KcBoigii,  Ag, 
Phalacnis  cybioides,  Ag. 
Phasganus  dedivis,  Ag. 
Phyllodus  irregularis,  Ag. 

maiginalis,  Ag. 

— —  madias,  Ag. 
— ^  planus,  Ag. 
— r^  polyodns,  Ag. 

ToUapicus,  Ag. 

Pisodus  politus,  Oweti.  P.  Oioenti,  Ag . 
Podocephalns  nitidus,  Ag, 
Pomophractus  Egertoni,  Ag. 
Pristis  bisulcatus,  Ag,  (?) 
Psaliodus  compressus,  Eger. 
Ptychocephalns  radiatus,  Ag. 
Pycnodus  Toliapicus,  Ag. 
Rhinocephalus  planicept,  Ag. 
Rhipidolepis  elegans,  Ag, 
Rhoncus  carangoldes,  Ag. 
Rhynchorhinus  branchialis,  Ag, 
Sdsenurus  Bowerbanki,  Ag. 

'-  mttsior,  Ag. 

Scombrinus  nuchalis,  Ag. 
Sphynenodus  crassidens,  Ag. 

priscus,  Ag.    JHetyodui,  Owen. 

Teratichthys  antiquitatis,  Kdm, 
Tetrapterus  priscus,  Ag. 


MOLLUSCA. 


Cqfkakpoda. 
Belosepia  sepicndea,  Blaaw. 
*Nautilus  centralis.  Sow. 

• imperialis.  Sow. 

dis.  Sow. 
Banus,  Sow, 

• (Aturia)  zic-zac,  Sow, 

Gatteropoda, 
Acteon  simulatus.  Sow. 
Andllaria. 
Aporrhais  Sowerbii,  Mant.    RotttU 

laria.  Sow. 
Bucdnum  junceum.  Sow,  ? 
*Bu]la  attenuata.  Sow, 
Cancellaria  quadrata,  Sow. 
Cassidaria  nodosa,  Brmtd. 

BucemmmfBTWid,;  CearmatM^enh, 
striata,  Sow. 


*Cerithiam  Cbariesworthii,  n^a.^ 

Corbula. 
^Conus  concinnus.  Sow, 

Cypnea  oriformis,  Sow. 

Dentalium  nitens,  Sow. 
*Fu8us  bifasciatus.  Sow. 

coniferus,  Sow, 

Murex  cristatus.  Sow, 

spinulosus,  Deik. 

*Natica  labellata.  Lam. 

*Pleurotoma  prisca.  Sow.    Mwrtx^  Br. 

rostrata.  Sow,    Mmrex,  Brmnd. 

*Phonis  extensus.  Sow. 

Pyrula  tricostata,  Defh.  ? 

angulata,  Edw, 

*Ro8teIlaria  lucida.  Sow. 

Scalaria  reticulata,  Sow.,  mm  j 
^Solarium  patulum,  Sow, 


If  I  give  this  name  to  a  beautifully  sculptured  Ceriikntm,  figured,  but  not  de- 

Mnibed,  by  Mr.  Charlesworth  in  1849,  amongst  some  illustrated  Barton  spedmena 

^  fig.y).    At  Barton  it  is  an  extremely  rare  spedes,  but  it  is  very  < 

cteristic  at  Sheppey  and  Southend. 
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SoUuiiim  canaficulatiim.  Lam. 
Terebra  itriata. 
Triton. 

^Tnmtella  imbricataria,  Jxim. 
Volnta  nodosa,  Sow. 

LameBHranehiata. 

Area. 
*Astarte  ragata,  Sow. 
*ATicQla  papyracea,  Sow, 

media,  Sow. 

Cardita. 

^Cardium  niteni,  Sow. 
*Cr7ptodon  Goodhallii  (Lhcmui),  Sow. 

Cyprina  planata,  var.,  Sow.  (?) 

nana.  Sow. 


Cytherea  obliqna,  Dmh.  Vemtt  iemU' 
itriata.  Sow.  ? 

Isocardia  sulcata.  Sow. 

Modiola,n.sp.? 
*Nesera  inflata  {Nueula),  Sow. 

Nucula  amygdaloides,  Sow. 

Bowerbankii,  Sow.  ? 

Ostrea. 
*Pectuncalu8  decnssatos,  Sow, 

Pinna  arcoata,  Sow.  ? 

Syndosmya  splendens  {TeUma),  Sow. 
*Teredo  antenautae,  Sow. 

Teredina  personata,  Lam. 


''Terebratalina  striatula,  Sow. 


Cnutaeea. 
Arcbcocarabos  Bowerbanki,  M*Ck>y. 
Basinotopns  Lamarckii  (Inaekut)^ 

D€$m. 
Hoploparia  Bellii,  3PCoy. 

gammaroides,  M^Coy. 

ZantlMpsis  bispinosa,  M^Coy. 
hispidifonnis  (Braehffuritet), 

Sehht. 


Articulata. 

Zanthopsis  Leacbii  (Cancer),  Detm. 

B.  gibbonu  (?),  Schlot. 
nodosa,  M^Coy.    Cancer  tuber- 

cuiahu  (?),  Kon. 
unispinosa,  APCoy. 

Jnmeiida. 
Serpnla. 

Vennicalaria  BogDoriensis,  Mant. 
(Vermetut,  Sow.) 


ECHINODERMATA, 

Artropccten  armatus,  Forb.  Goniastcr  marginatns,  Forb. 

(?)  Colei,  Forb.  tubercolatus,  Forb. 

crispatus,  Forb.  Ilemiaster  Bowerbankii,  Forb. 

Codoplenrus  Wetherelli,  Forb.  Prestwichii,  Forb. 

Goniaster  Stokesii,  Forb.  Pentacrinus  subbasaltiformis,  MUl. 

ZOOPHYTA. 
Grapholaria  Wetherelli,  M.'Sdw.               Paracyathns  breris,  M.-Edw. 
Trochocyathus  sinaosns  {TurbmoUa),       caryophyllus  (TurbinoHa),  Lam. 


Lyecpodiacem. 
Lycopodites  squamatns,  Brongn. 

Coi^fera. 
Callitrites,  EndL  {CupreamUet,  Bow.), 

4species. 
PreneHtes,  EndL  {Cup.,  Bow.),  4  sp. 
Soleno8trobus,£h^.  (Cup.,Bow.),b  sp. 

Aurantiacea  ? 
WethereUia  Taiiabilis,  Bowerbank. 

CucurbUace^ 
Cncnmites  Tariabilis,  Bowerb. 

Legummoea. 
Fkboidea,  Bowerb.,  25  species. 


Plants. 


Legominosites,  Bowerb.,  18  species. 
Ximonosprionites,  Bowerb.,  2  species. 

Malvace€B. 
Hightea,  Bowerb.,  10  species. 

N^ce^ 
Nipadites,  Bowerb.,  12  species. 

Proteaeetf. 
Petropbiloides  oviformis,  Bowerb. 

Siqtmdacea. 
Cupanoides,  Bowerb.  {Jmomocarpum, 

Brongn.),  8  species. 
Tricarpellites,  Bowerb.,  7  spedes. 


Mr.  Bowerbank  has  in  his  collection  1  or  2  new  species  of  Turtles,  10  or  12  new 
fishes,  about  14  undescribed  species  of  Crustacea  (10  Zanthoptie,  4  Hoploparia, 
and  Arehaoearabui  ?),  and  probably  as  many  as  300  to  400  undescribed  fossil 
•eeds  and  fruits,  including  Pahnacean  fruits,  a  few  cones,  fruits  of  Potetttiilas,  and 
1  CocoB,  with  seeds  of  2  or  3  spedes  of  Anana. 

In  consequence  of  the  Sheppey  shells  occurring  so  generally  in  the  state  of 
pjritous  internal  casts,  it  is  often  difficult  to  determine  the  spedes.  The  number 
1  believe  to  be  greater  than  given  above.  It  it  to  be  observed  aUo  that  the  Sheppey 
shells  have  not  yet  been  worked  out  with  the  same  care  as  those  of  Highgate. 
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Second  ZoNn.—Highgate  Fossils  {Road-euttiHg  at  the  Archway). 

Reptilia. 

Vertebra  of  Pa]eophif  ?    Small  Reptilian  teeth  ? 

Pisces. 
Carchazodon.  Myliobatii  Dixoni,  Ag.  ? 

Ccelorhynchus.  Notidanus. 

Lamna  elegans,  Ag.  Otodus  obUquns,  Jg. 

MOLLUSCA. 


Ophak^podtL 
Belenmoais  plicata,  Edw, 
Beloptera  Levesquei,  If  Orb, 
Belosepia  sepioidea,  Blamo, 
*Naiitilu8  imperialis,  Sew, 

Sowcri)yi,  WttK 

—  zic-zaC|  Sow. 

Goiiercpoda. 

Acteon  crenatus,  Sow, 
• dmulatus,  Sow.    Butta,  Brand. 

Ancillaria. 

Aporrhais  Sowerbii,  3faii/.  RoiteOaria 
Margerhni,  Kon. 

Bucdnum  junceum,  Sow. 
*Bulla  attenuata,  Sow. 
*Caneellaria  laeviuscula,  Sow. 
*Ca8sidaria  nodosa.  Brand. 
• striata,  Sow. 

Cerithinm  concinnum,  Chttrluw. 

Cypraea  oviformis,  Sow.    Ovuhtm  re. 
^iinnfi,  Sow. 
*Cona8  condnnos,  Sow. 
^Dentalium  nitens,  Sow, 

Eulima  subulata.  Sow. 

Fosas  bifasdatus,  Sow. 

* conifenis,  Sow. 

• curtas  (Mureof),  Sow. 

complanatns,  Sow. 

intemiptus  (Mures),  Sow. 

porrectus  (Afurex),  Brand. 

(F.  rugoBuSf  Sow.) 
♦ trilineatos  (Murer),  Sow. 

—  taberosns  (Murex),  Sow. 

Hipponyx. 
*Melania. 

Mitra  pomila,  Sow. 
*  •Murex  coronatus,  Sow. 

cristatns,  Sow. 

frondosos,  Sow.  (non  Lam.) 

minax,  Brand, 

spinulosus,  Deih. 

*Natica   labellata,  Lam.     N.  glauei- 
noides,  Sow. 

Hantoniensis,  Sow, 

sigaretina,  Sow. 

Odostomia. 
•Phorus  extensns  (TVocAw),  Sow, 

PTramidella. 
*P7nila  angnlata,  Bdw,  MSS, 


Ringicnla  tnrgida,  Sow. 
*Ro8te]laria  ludda.  Sow, 

macroptera.  Lam. 

(Siromhii  an^hu,  Brand.) 

Plenrotoma  acuminata,  Sow, 

* colon,  Sow. 

• comma.  Sow, 

fosiformis,  Sow. 

plebeia.  Sow, 

—  rostrata,  Sow. 

semicobn,  Sow, 

Watcrkeynii,  Nyst. 

Volgeri,  PhiL 

Scalaria  reticulata,  Sow, 

undosa,  Sow, 

Skenea.> 

Solarium  canaliculatum,  Lam. 
• patulum,  Sow, 

Sigaretus  canaliculatus,  Sow, 

Triton  fasciatus,  Edw. 

Typhis  mnticus,  Sow, 

Tunitella  imbricataria,  Latn,  (Tmrbo, 
Brand.  T,eonoidea,ehngata,krtms, 
Sow.) 

soilaroides,  Sow. 

Volvaria  ? 
*Voluta  nodosa,  Sow. 

LameOibranekiaia. 

Anatina  ? 

Astarte  mgata.  Sow. 

Area  impolita,  Sow. 

Anomia   lineata.    Sow.     A.  $trimia. 
Sow. ;  A.  tenmttriata,  Desh. 
^Ayicula  media,  Sow. 

papyracea,r^M9. 

*Cardium  nitens.  Sow. 

CardiU? 
*Corbula  globosa.  Sow. 

caMiif ormis,  Edw.  MS 

♦Cytherca  obliqua,  De$h. 

Cryptodon  Goodhalli,  Sow. 
*Lucina. 

Modiola  depressa,  Sow. 
* elegans.  Sow. 

— —  subcarinata.  Sow, 

Neaera  inflata,  S^, 

Nucula  minima,  Sow. 

trigona.  Sow.    N.  similu,  Sow. 

Ostrea. 
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Ptoopca  intermediA  (Mva),  Sow.  ?  Teredhia  penontta,  Lam. 

(Corbmla  dubia,  Desh.)  *Teredo  antenautae,  Sow. 
♦Pecten  cornent.  Sow,  «      i-      j 

♦Pectunculiis  decussatnt,  Swp.  ,,      ,   ,    Braekiopoda. 

Pholadomya  ?  lingula  tenuis,  Sow. 

Pinna  affinis.  Sow.  Bryozoa. 

arcnata,  Sow.  *Fliistra. 

Sangninolaria  compretsa,  Sow.  Eschara,  undet.  sp. 

^Solen  affinis  {CuUelbu),  Sow.  CeUepora,  nndet.  sp. 

^yndosmja  splendens  {TeUM),  Sow.  Crisia,  nndet.  sp. 

Articulata. 
Cnutaeea.  JtmeUda. 

ArduBocarabns  ?  Serpnla  heptagona,  Sow.  ? 

Basinotopns.  crassa,  Sow. 

Zanthopsis  nodosa,  M^Cojf.  Vennicnlaria  Bognoriensis,  Mant. 

Leachii,  Deom.  Ditropa  incrassaU  (DentaHum),  Sow. 

(D.  itnmffutatum,  Desh.) 
Grriptdia. 

Scalpellnm  qnadratnm,  Dix. 

ECHINODERMATA. 

Coeloplenros  Wetberelli,  Forb.  Pentacrinus  Sowerbii,  Wtth. 

Ophinra  Wetherelli,  Forb.  Hemiaster  ? 

ZOOPHYTA. 

Gn^hnlaria  Wetherellii,  Af.-£!Ar.   Petma^ti^  Weth. 

FORAMINIFBRA. 

Cristellaria.  Robulina.  Rotalina. 

Dentalina.  Rosalina.  Tnincatnlina. 

Plants. 

A  species  of  Nipadites  and  a  few  other  rare  fruits  resembling  those  of  Sheppey. 


In  Mr.  Wetherell's  collection  there  are,  besides,  a  considerable  number  of  new 
and  nndescribed  shells,  especially  of  the  genera  /Vitus  and  Pkwrotoma ;  also  a 
few  undetermined  species  oif  bony  fishes. 


Third  Zone. — Fossils  from  Primrose  Hill,  P. ;  Copenhagen  Fields, 
C. ;  Whetstone,  W.  (railway  cuttings) ;  Islington,  I.  {canal 
tunnel)  ;  Haverstock  Hill,  Hav.  (?)  ;  Homsey,  Ho. ;  Holloway, 
H.  {general  surface  sections  and  weUs) ;  Hampstead  Well,  Ha.§ 

AvEB.                                          Reptilia. 
Stenium  of  a  small  Wader,  0%o€ii  P.         Trionyx P. 


%  The  well  on  the  Lower  Heath,  Hampstead,  traverses  the  lower  285  feet  of 
the  London  Clay,  but  the  exact  position  of  the  fossils  was  not  noted ;  only  the  pro- 
bable position  of  a  portion  of  them  is  therefore  given  in  this  list.  Some  others, 
not  placed,  are  given  at  page  419.  For  particulars  of  the  well  and  list  of  fossils, 
see  Mr.  Wetherell's  paper.  Trans.  Geol.  Soe.  2  ser.  voL  ▼.  p.  131. 
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Pisces. 

Lamna  elegant,  Ag, P.H.  NotidannB Kental  Green. 

Otodus  obliqaus,  4f .   P.W.  iEtobatit  „        » 

MyUobatit W.Ha. 


MOLLUSCA. 


Opkakpoda, 

Belosepia   W. 

*NaatUut  centrmlis,  Som,  P.C.H.W. 
♦ regaliB,5iwp. P.H.W.H0. 

Sowerbii,^e/A....  P. 

urbanuB,  Sow,  ...  P.W. 

zic-zac,  iSbip. P.W. 

GoMttrvpodiL, 

Acteon  simulatus,  Sofw.  P.H0.W. 

crcnatus,  Saw.  ...  P.H.W, 

•Aporrhais  SowcrWi,  Ma,  P.C.Ho.W. 

Bncdnnm  janceum^Sow.  P.Ho.W. 

Bulimus P. 

*Bulla  attenuata,  Saw,,,,  P. 
*Ca8sidaria  striata,  Broind,  P.C.W.Ho. 

nodosa,  5^ P. 

Cancellaria  laevioscnla .  P. 

Cbemnitzia?  P. 

Cerithium  Charlesworthii.P.W.Ho. 

CypneaWetherellii,£ii9.  P. 
• oviformis,  Saw, ...  P.W.Ho. 

Dentalium  anceps,  Saw,  P.W.HcHa. 

acuticosta,  ^et A.  ?  Hav. 

EulimasnbalatafSow...  P. 

Fasii8carinella,SM9. ...  P.C.H.W. 

cnrtus,  Saw P.C.HcW. 

* bifasciatus,  Saw,,,  P. 

* interruptus,  Saw, .  P. 

coniferus,  Saw, ...  P. 

trilineatas,SDi0....  P.O. 

tuberosuSfScNir. ...  P.W. 

*Naticalabellata,  Zom...  P.H.HcW. 

Marexcri8tatu8,5iM0....  P.Ho.W. 

Neritaglobo8a,5!Di9.?...  P. 

Phasianella?  P. 

Phorusextensus,5icNir...  P. Ho. 
♦Pyrula  Smithii,  Saw, ...  P.C.W.Ho. 
♦ ang:ulata,  Edm,  ...  P.W.    ' 

trioostata,  DetA...  P. 

*Pleiirotoma  acuminata..  P.W.H. 

plcbeia,5iwr P.C.H.W. 

Rissoa?  P. 

*Ro8tcllaria  ludda,  5iwp..  P.W.LC.Ho. 

macroptera,  Xom..  P. 

*ScaIaria  reticulata^Sltw;.  ?  P.C. W. 
*Solariam  patulom,  Saw,  P.H0.W. 


Sigaretus  canalicnlatot. 
Triton  fudatus,  fifto... 
Trivia 

P.HO.W. 

P.W. 

P.W. 

TonriteUa  ?  scalaroides.. 

C.P.HO.W. 

imbricataria,  Lam.  P.Ho. 

Typhis  muticus,  Saw,,,,  P.W. 
VoluUelerata,  Saw, ...  P. 

' protensa,  &ir.  ...  P.W. 

tricorona,Snr.  ...  P.W. 

^ Wctheremi,&w...  P.aH.WJlo. 

Anomia  lineata,  Saw,,,.  P.C.W.Ha. 

Area  impolita,  5;tw.  ...  P.C.H0.W.H1L 

nitens,5iwr P.Ha. 

Astarte  rngata  (var.) ...  P.H0.W. 

ATicnla  media,  Saw,  ...  P.H0.W. 

arcuata,5bw. P. W.Ha. 

*Cardiam  Plumsteadiense  P.H0.C.I. 

nitens,  &IP.  C. 

*CoTbula  globosa,  Saw,  „  P.Ho. 

Regulbiensis,  Mor,  W.Ha. 

*Cryptodon  angalatos....  P.C.W.HoJ. 
(jsmui.  Sow.) 

• GoodhaUi,  5iw....P.C.Ho.W.Ha. 

*Cyprina  planata,  StMT...  P.W. 

Isocardia  sulcata,  Srar...  P.H0.W. 

Ludna    P.H. 

Modiola  elegans P. 

*Nucula  amyidaloidea...  P.C.WJIo.H. 

minima,  Sow. ?  ...  P. 

♦ Bowerbankii,&iP.  P.C.H.WJI0. 

Wetherellii.  &». .  P.W.Ha. 

♦NeaBrainflata.5iwp P.C.H.H0.W. 

Ostrea P.W. 

PectendapUcatas,^^.  P.H.W.Ha. 

""Pinna  affinis,  Sdiv P.C.H0.W. 

*Pholadomya     maigari- 

taoea.  Sow P.W.Ho. 

""Syndosmya  splendent...  P.C.HaW. 

Teredo  antenaatse P.CWJLL 

Bnchtopodtu 
*Terebratnlina  striatola^  P.W.C. 

Bryozoa, 
Flustra  cratta,  DetM....  P. 
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Articulata. 

Cnutaeea.  Hoplopana  BeUii,  APCoy 1  P.W.H. 

Cytbere,  3 n.  sp C.      ZanthopsisLeachii.lf&y  ...J  Ha.C. 


'  (BairdU)  sabdeltoidea,  Biun.  C. 


Archeocanbus P. 


(Cythcreis)  tngulatopora  (?),  JtmeUda, 

RnM C. 


,  „  ^       Ditnipa  plana  (Dcii^ailiifN),5M0.P.H. 

hoTtwxm,  Botq C.      incrassata,  5iw W.H. 

(Cytherella)  Munstcri,  Roem.  C.      Serpula  prismatica,  Sow P.H. 

ofata(?).Jto«ii. C.      _ltrilineata,5^ P. 

Vennicnlaria  Bognoriensis P.Ho.W. 

ECHINODERMATA. 

BonrgaeticiiniisLondineiiaU^ord.  C.         Pentacrinus  Oakshottiamis,  F6rb,  P. 

Cminocrinna  tintmnabnlnm,  Forb.  Ho.C.   subbasaltiformit,  MiU.  C.Ho.P.Ha. 

Hendaster  Bnmdenaniis, Forb.,..  Hav.     Sowerbii,  Weth. I.Ha. 

ZOOPHYTA. 
Dasmia  Sowerbii,  M.'Edw.  ...  P.W.Ha.    Stephanopbyllia  discoides,  Jkf.-£  Hav. 
GraphnlarU  Wetherellii,  M.-R  P.H.Ha.    Tarbinolia  Prestwichii,  M,'Edw»  Hav. 
Leptocyathut  elegaii8,^f.-£!cliP.  Hav.         Websteria  crinoidesy  M.'Edw, ...  Hav. 
Mopaea  cottata,  M,-Edw H. 

•  FORAMINIFERA. 

Crittdlaria  Hav.  Nodosaria  BadenenriSyD'Orft...  C. 

Dentalina  acata,  ITOrb C.  longiscata,  lyOrb C. 

Adolphina,  D'Qrd C.Hav.  rustica, /ofi«f C.Hav. 

conaobrina,  I/Orb C.Hav.  Qmnqaeloculma(Aftito^c»,pan)  C.Hav. 

pauperata,  D'Qr^ C.Hav.  Robulina  C.Hav. 

Glandolina C.  Rotalina  (JSo^o&i)   C. 

Globnlina C.  Spirillina CHav. 

Globigerina C.  Textularia carinata. '.D'Qr^.  ...  C.Hav. 

Marguralina  Wetherellii, /ofi«f..  C.Hav.  levigate  ?,  i/Orft C. 

NodoMffia  affims,  I/Orb C.H.  Triloculina  {MiUoHtet,  pan)  ...C.H.Hav. 

badUam,  .D^.  C.Hav.  Truncatulina    P. 

Plants. 
A  verr  few  spedmens  of  Nipaditea,  and  of  fruits  and  seeds  similar  to  1  p  ^  ^ir  u. 
tb(4e  of  Shqppey    .^7!. J.C.P.W.Ha. 

Mr.  Wetherell's  coDeetion  contains  a  beautifid  series  of  Crustacea  from  tbis 
zone,  most  of  them  new;  also  several  new  and  nndescribed  shells. 

Some  of  the  day  at  the  railway  catting  at  Copenhagen  Fields  was  found  by 
Mr.  R.  Jones  to  be  rich  in  Entomostraca  and  Foraminifera ;  the  other  zones  have 
not  been  submitted  to  so  careful  an  examination,  which  may  account  for  the 
comparative  poverty  of  the  other  lists.  From  a  recent  examination  of  specimens 
in  Mr.  Wetherell's  collection,  Mr.  R.  Jones  has  observed  that  the  day  at  Finchley 
yidds  a  very  similar  group  of  Foraminifera  to  tiiat  obtained  from  the  day  at  Co- 
penhagen Fields. 


As  there  is  no  place  in  the  London  Tertiary  district  where  the 
beds  of  the  foorth  or  lower  zone  have  afforded  tne  opportunity  of  so 
thorough  an  examination  of  their  organic  remains  as  at  Bognor,  on 
the  Sussex  coast,  I  have  added  a  list  of  the  fossils  found  there.  This 
list  is  chiefly  taken  from  the  '  Geology  of  Sussex '  of  the  late  Mr. 
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Dixon,  of  Worthing,  whose  valuable  collection  from  this  locality  was 
the  result  of  tnanj  years'  careful  and  continued  research. 

Fourth  Zone. — Bognor  FoanU  {from  the  rocks  and  elayi  exposed 
on  the  shore  at  low  tide). 

Reptilia. 

Crocodilin  Spenoeri  ?,  BtidtL  {Dism)f. 
Pisces. 


Chdone  declivit,  OwmL 

Lamna  subulata,  Jg. 

Cephakpodd, 
Nautilus  imperialis,  Sow. 

♦ regalis,  Sow. 

♦ Sowerbii,  Weth. 

♦ centralis,  Sow. 


Giuteropoda. 
Acteon  simulatiis,  Sow. 
*Aponliais  Sowerbil»  Mani. 

Buccinam  ? 
*Cas8idaria  nodosa,  Brand, 

striata,  Sow. 

Fusos  tuberosus,  Sow. 

nodosos,  Sow. 

Mnfundibnliim  trochifbrme,  Sow. 

Caijffftraa,  Lam.    /.  tuberculatum, 
1. 9pmulontm,  I.  eehmulatum,  Sow. 
Troekui   upertut,    T.  cpereularit, 
Brand. 
Littorina  sulcata,  PilJt.  ? 
Natica  Hantoniensis  {N.  itriata),  Sow. 

microstoma,  Stno. 

♦ Ubellata,  lorn. 

♦ patula,  Deth. 

♦ sigaretina  (Jn^mOaHa),  Sow. 

subdepressa,  Mor. 

Pleurotoma  prisca. 

Psendoliva  semicostata  (Bueemum), 

Ihih. 
^Pyrula  Smithii  (Murex),  Sow. 

Solarium  bistriatum.  Sow. 
*Turrite]la  imbricataria.  Lam. 

scalarioides,  Sow. 

*Yoluta  denudata,  Sow. 


Otodus  obliqnus,  Jg. 


MOLLUSCA. 


IjomfUibranchiata, 
*Anomia  lineata.  Sow. 
*Cardita  Broiigniartii,  Sow. 
* quadrata,  Sow. 

Cardium  Plumsteadiense,  Sow. 

Corbula  globosa,  Sow. 

Cultellus  affinis,  Sow. 

Cyprina  planatai.  Sow. 

(?)  nana,  Sow. 

Cytherea  obliqua,  Deik. 

suberycinoides.  Desk.  ? 

*Modiola  elegans,  Aw. 

simplex,  Sow. 

*Ostrea  elephajstopus.  Sow. 

cariosa,  Deek. 

♦ tabulata.  Sow. 

*Panop8ea  intermedia,  Sow. 

puella.  Sow.  ? 

* corrugata.  Sow.  ? 

*Pectunculus  terebratularis, 
* decussatus,  Sow. 

Pinna  margaritacea.  Sow.  ? 
• affiois,  Sow. 

Pholas  Pechellu,  Sow. 

Pholadomya  Dixoni,  Sow. 

Koninckii,  Nyit. 

margaritacea,  Sow. 

virgulosa.  Sow. 

*Teredo  antenaute,  Sow. 

Teredina  penonata,  Deek, 

Thrada  oblata.  Sow. 

Brackiopoda. 
Lingula  tenuis.  Sow. 


Cruttaeea. 
Hoploparia  Bellii,  M*Coy. 
*Zanthopsis  Leachii,  APCop. 
Cirr^fedia. 
Scalpellum  quadratum,  Dix. 


Articulata. 

Jfmelida. 
*Ditrupa  plana.  Sow. 
Serpnla  flagelUfonpis,  Sow.  ? 
*Vermicularia  Bognoriensis,  Mamt, 


Note. — To  complete  the  enumeration  of  the  described  organic  re- 
•^  of  the  London  Clay,   I  annex  a  list  of  those  species,  not 

ipedes  is  now  merged  in  Prof.  Owen's  C.  ekan^fmridee  and  C  ToMspiems. 
means  of  knowing  to  which  of  the  two  this  Bognor  specimen  bdongt. 
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embraced  in  the  aboye  lists,  found  in  other  localities  of  the  London 
Tertiary  district  (see  some  local  lists  in  Quart.  Joum.  Gepl.  Soc. 
vol.  iii.  p.  369-371). 

Mammalia. 

Corypliodon  eocaenus,  Owen,    Off  the  coast  between  Harwich  and  St.  Osyth. 
Hyraootherinm  leporiniim,  Owen*    Cliff  W.  of  Herae  Bay. 

Reptilia. 

Chelone  cnssicostata,  Owen,  {Tettudo plana},  K5n.)  ...    Harwich. 
^_  planimentiim,  Owen,  (C.  Harvieentie  (?),  Woodw.)    Harwich. 

MOLLUSCA. 

Gatteropoda, 

Cypnea  Prestwichii,  Edw,    Coffell,  near  Basingstoke. 

BoUmas  ellipticus,  Sow,    Ha. 

Fusus  angusticostatas,  MeU,  ?    Coffell,  near  Basingstoke. 

^—  bnlbus,  Brand,  {F,  butb^ormU,  Lam.)    Newnham,  near  Basingstoke. 

Marginella  bifidoplicata,  Charletw.    London  Clay  (Stratum  No.  4),  Alum  Bay. 

Plearotoma  degains,  Meli.    Coffell. 

Scalaria  semicostata.  Sow,    Ha. 

Tnrritella  suldfera,  Detk.    Cuffell  and  Newnham. 

LamelHbranekiata, 
Astarte  donadna.  Sow,    Old  Baaing. 

Ostrea  BellovadDa,  Deth,  (ybt,  pulekra,  Sow.)    Newnham,  and  Clewet's  Green. 
Nncola  compressa,  Sow.    Ha. 
^—  striata,  Lam,    Ha. 

Entomostraca  and  Foraminifsra. 

Cythere  barbata,  £!intf Ha.    Rotalina,  4  sp. Ha. 

Dentalina  solata  (?),  i2«iM». Ha.    Cristellaria  Wetherellii, /<met.    ...  Ha. 

elegans(?),  XrOr* Ha. 

Plantjb. 

Petrophiloides  (Proteaceae),  5  sp.,  Bowerb,    Heme  Bay. 


NoTB.    (See  page  403.) 

My  friend  Mr.  R.  W.  Mylne  has  just  informed  me  that,  from  actual  survey,  he 
finds  the  height  of  High  Beech  to  be  393  feet  above  the  level  of  Trinity  high-water 
mark  at  London  Bridgc—J.  P.,  Oct.  28, 1854. 


Junk  7,  1854. 
Thomas  Wynne,  Esq.,  was  elected  a  Fellow. 
The  following  communications  were  read : — 
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1.  On  some  Fossil  Reptilian  and  Mammalian  Remains  from 
the  Purbecks.    By  Professor  Owen,  F.R.S.,  F.G.S. 

The  fossil  remains  which  form  the  subject  of  the  following  descrip- 
tions were  kindly  transmitted  for  mj  examination  by  W.  R.  Brodie, 
Esq.,  and  Charles  Willcox,  Esq.,  of  Swanage,  by  whom  the^  were 
discovered — the  mammalian  fossils  exclusiTely  by  Mr.  Bnxne — in 
certain  members  of  the  Porbeck  formation  at  Dnrdlestone  Bay,  near 
that  town. 

I  propose  to  commence  with  the  reptilian  fossils,  and  first  with 
those  transmitted  by  Mr.  Willcox,  to  whom  I  owe  opportunities  of 
describing  many  rare  and  interesting  remains  from  the  rich  locality 
which  he  has  so  successfully  explored. 

Class  REPTILIA. 

NUTHETES*    DEffFRUCTOR,  OweU. 

The  specimen  (figs.  1,  2,  3,  &  4)  on  which  this  eenus  and  spe- 
cies is  founded  is  a  portion  of  the  left  ramus  of  the  lower  jaw,  with 
seven  more  or  less  perfect  teeth,  of  a  Pleurodont  Lizard,  allied  to  Uie 

Figs.  1,  2,  3,  &  A.^Part  of  the  left  ramus  of  the  lower  jaw,  with 

teeth,  ©/"NUTHBTES  DESTRUCTOR,  OwCU. 

Fig.  1.  Fig.  2. 


^"^r'^ 


Outride,  rmt,  Ate. 


Pig.  3. 


End  Tiew,  nat  tise. 

•  mgnUtodTlewoft«ooftbcte«th«c). 

Monitors  of  the  modem  eenus  Faranus,    The  length  of  the  frag- 
ment is  li  inch ;  the  depth  of  the  outer  wall  (fig.  1)  is  6  lines,  that 

*  Abbreviated  from  vovBeTtiTi^^,  moniioTt  in  reference  to  the  affinities  of  the 
fossil  to  the  modem  lizards  so  called. 
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of  the  inner  wall  (fiff.  2)  is  from  3  to  4  lines.  The  exterior  sorfaoe 
of  the  hone  is  smooth  and  polished,  hut  impressed  hy  yery  fine,  Ion* 
gitudinal  linear  markings,  and  perforated  hj  nervous  or  vascular 
fOTimina  along  the  alveolar  wall :  it  is  traversed  near  the  lower  mar- 
gin bv  a  line  answering  to  the  suture  dividing  the  dentary  from  the 
angular  piece  in  the  jaw  of  the  Varanus.  The  ramus  is  compressed 
(fig.  3),  scarcely  2  Imes  across  at  its  thickest  part,  but  it  has  been 
sli^tly  crushed. 

The  enamelled  crowns  of  the  teeth  are  moderately  long,  slender, 
compressed,  pointed,  slightly  recurved,  and  with  a  well-marked  serrated 
mirgin  both  before  and  behind  (fig.  A,  magnified) :  they  are  thickest 
towards  the  anterior  part,  as  in  the  Megalasaurus,  and  closely  re- 
semble, in  miniature,  the  teeth  of  that  great  carnivorous  reptile. 

The  present  fossil  differs,  however,  from  the  Megalaaaurua  in 
having  the  inner  alveolar  ricLKe  of  the  jaw  not  more  developed  than 
in  the  modem  Farani,  and  in  not  exhibiting  any  rudiments  of 
alveokr  divisions ;  the  bases  of  the  teeth,  which  are  anchylosed  to 
the  outer  wall,  beW  completely  exposed  on  the  inner  side  of  the  jaw 
(fig.  2.)  In  the  two  largest  teeth,  d,  e,  which  are  2  lines  in  diameter  at 
their  base,  that  base  is  excavated  on  the  inner  side  through  absorp- 
tion caused  by  pressure  of  the  matrix  of  a  successional  tooth.  A 
young  tooth,  <*,  straighter  and  more  conical  than  the  rest,  which  has 
thus  displaced  its  predecessor,  is  rising  up  between  the  two  old  teeth 
above  described.  The  first  and  second  teeth,  a  &  6,  in  this  fragment  are 
My  formed,  are  entire,  and  show  well  the  nonnal  characters  of  the 
crown.  At  the  opposite  end  of  the  series  was  the  crown  of  a  young 
tooth  which  had  not  risen  above  the  outer  alveolar  wall.  The  crowns 
of  the  teeth  are  of  a  dark  grey  colour,  marked  with  transverse  bands 
of  l^hter  ^y. 

The  entire  of  this  interesting  fragment  gives  evidence  of  a  carni- 
vorous or  insectivorous  Lizard  of  the  size  of  the  Faranua  erocodilinus, 
or  great  Land  Monitor  of  Lidia*.  The  specific  name  relates  to  the 
formidable  adaptation  of  its  teeth  for  piercmg,  cutting,  and  lacerating 
its  prey. 

In  a  block  of  the  laminated  marly  bed  of  the  Purbecks,  contain- 
ing shells  (Cyclaa  and  Planorbis),  transmitted  by  Mr.  Willcox,  are 
imbedded  some  fragments  of  bony  scutes,  and  the  major  part  of  a 
tibia  and  fibula  of  a  small  Saurian  reptile  (fig.  5),  agreeing  in  size 
with  the  species  indicated  by  the  above-described  portion  of  jaw. 
The  length  of  the  portion  of  tibia  preserved  is  1|^  inch,  and  the  im- 
pression of  the  shait  extends  3  lines  longer :  about  the  same  length 
18  indicated  of  the  fibula  by  the  bone  and  its  impression.  The  oua- 
meter  of  the  shaft  of  the  tibia  is  1|^  line ;  and  the  proportion  of  the 
length  to  the  breadth  of  both  bones  is  greater  than  m  any  known 
recent  form  of  Lizard  or  Crocodile.    The  species  to  which  the  bones 

*  See  my '  Odontography/  p.  265.  pL  68.  fig.  3 ;  fig.  3'  gives  a  magnified  view . 
of  the  crown  ot  a  tooUi  of  this  species,  showing  its  resemblance  to  the  fossiL  The 
•pedmen  above  described  was  obtained  at  the  Feather  Qnarry,  and  finom  the  divi- 
■ion  of  the  Chert-beds  marked  J.  81-84.  in  the  stratigraphical  list  in  the  Rev.  Mr. 
Austen's '  Goide  to  the  Geology  of  the  Isle  of  Purbeck,'  8vo.  Blandford,  1852. 
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of  the  1^  in  the  present  slah  hdonged  mnst  have  been  chancterized 
by  unusuallj  long  and  slender  hind-1^. 
The  scutes,  as  shown  by  their  impressions  on  the  matrix  {^,  5), 

Kg.  S.Slab  ofttone/rom  the  "Feather  Quarry;*  Purbeck,  mtk 
Cyclas  and  Planorbis^  and  containing  fragments  and  impremom 
of  iquare  reptiUan  scutes,  and  the  tibia  and  fibula  of  a  maU 
reptile  (Nuthetes  ?).  A  fish-scale  also  is  seen  in  the  wuddle  of  the 
slab,  lying  against  one  of  the  scutes.    Nat.  size. 


were  subqnadrate^  about  8  lines  by  5  or  6  lines ;  smooth  on  the  in- 
side ;  impressed  by  minute  drcular  pits  on  the  outside ;  and  present- 
ing more  the  character  of  the  bony  scutes  of  Crocodilia,  than  of  those 
of  any  of  the  modem  Lizards  that  possess  dermal  bones. 

Macellodus  Brodiei,  Owen. 

Of  the  specimens  discovered  by  W.  R.  Brodie,  Esq.,  in  the  fresh- 
water shelly  "  dirt-bed  "  of  the  Rirbecks,  at  Durdlestone  Bay,  I  pro- 
pose first  to  describe  those  that  are  referable  to  the  class  Reptilia, 

The  characters  of  the  Lacertian  order  in  this  class  are  unequivocally 
shown  in  the  specimen,  marked/  7,  in  Mr.  Brodie's  collection,  and 
represented  in  fig.  6,  of  the  natural  size  in  outline  and  magnified 
in  tint.  It  consists  of  a  right  superior  maxillary  bone,  containing  eight 
nearly  entire  teeth,  and  uiowing  the  places  of  attachment  of  thirt^ 
or  fourteen  such  teeth ;  which  teeth  are  anchylosed  to  the  bottom  of 
an  alveolar  groove  and  to  the  side  of  an  outer  alveolar  ridge.    The 
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crown  of  these  teeth  is  broad,  laterally  compressed,  with  an  almost 
semicircular  ccmtour,  and  slightly  pointed  where  nnworn,  as  at  a,  fig.  6 ; 

Fig.  6. — Part  of  the  right  side  of  the  upper  jaw,  with  teeth,  of  the 
Macbllodus  Brodiei,  Owen.     (Nat.  size,  and  magnified.) 


»H 


a,  b.  Two  of  the  Ueth  magnified. 

but  some  of  them  exhibit  the  summit  either  worn  away  or  broken  oif, 
as  at  6 :  the  enamel  is  marked  by  very  fine  longitudinal  ridges,  which 
me  a  subcrenate  character  to  the  unworn  margins  of  the  crown. 
The  third  tooth  in  the  present  specimen  exhibits  the  minute  germ  of 
a  successional  tooth  entering  the  cavity  on  the  inner  side  of  its  base. 
The  eighth  tooth  is  represented  by  the  apical  half  of  the  cr6wn,  which 
has  not  arisen  to  the  level  of  the  outer  alveolar  groove :  the  tooth 
which  this  germ  was  in  course  of  succeeding  has  been  shed  or  broken 
away.  The  third  and  sixth  teeth  are  less  advanced  than  the  second, 
fourth,  and  fifth  teeth. 

The  inner  part  of  the  alveolar  groove,  from  the  second  to  the 
seventh  tooth  mclusive,  terminates  intemaUy  in  a  free  smooth  convex 
surfiM^,  which  has  formed  the  outer  boundary  of  a  wide  and  extended 
palatal  vacuity,  as  in  modem  Lizards.  Beyond  this  the  upper  jaw 
expands  to  jom  the  palatine  bone.  This  structure,  with  the  unequal 
development,  and  the  evidence  of  the  succession,  of  the  teeth,  toffe- 
ther  with  their  mode  of  implantation,  gives  unequivocal  proof  of  tne 
saurian  nature  of  the  fossil  in  question.  From  the  resemblance  of 
the  teeth  of  this  small  Lizard  to  the  blade  of  a  spade,  I  propose  to 
call  the  genus  which  it  represents  Maeellodue  (^aiceXXa,  a  spade, 
^dovf,  a  tooth),  and  the  species,  in  honour  of  its  discoverer,  Brodiei, 

The  specimen  was  obtamed  from  a  part  of  the  Purbecks,  marked 
K.  93.  in  Mr.  Austen's  '  Guide,'  and  called  the  "  dirt-bed,  containing 
shells*,"  high  up  the  clifi;  at  Durdlestone  Bay,  Isle  of  Purbeck. 

To  the  same  species  belong  some  at  least  of  the  organic  remains 
in  the  specimen  marked  K,  7.  in  Mr.  Brodie's  collection. 

This  is  a  block  from  the  Purbeck  formation  of  a  laminated  marly 
character,  from  the  lower  part  of  the  so-called  *'  dirt-bed,  containing 

*  The  tpecimens  of  this  deposit  sent  with  the  bones  contain  Pi^m  BrittovH }, 
Vahata,  Limndtut,  Cypris,  and  vegetable  remains. 
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shells."  In  it  are  imbedded  some  demud  bony  scutes,  portions  of 
ribs,  the  neural  arch  of  a  vertebra,  and  parts  of  the  dentary  elements 
of  the  rami  of  a  lower  jaw  with  teeth — one  (fig.  7)  contaming  thir- 
teen teeth,  the  other  (fig.  8)  four  teeth ;  in  bodi  figures  the  natural 
size  is  given  in  outline.  The  teeth  are  anchylosed  to  an  exterior 
alveolar  wall,  and  have  short,  broad,  subcompressed,  rounded,  obtuse 
crowns  (6,  6).  The  hinder  teeth  show  a  little  increase  of  size,  are 
more  obtuse  and  compressed,  and  are  slightly  expanded.  Some  of 
the  anterior  teeth  (fig.  7,  a)   are  a  little  pointed.    The  enamel  is 


Fig.  7. --Part  of  the  left  tide  of 
the  lower  jaWy  with  teeth,  of 
the  Macellodus  Brooiei, 
Owen.  (Nat.  size,  and  mag- 
nified.) 


Fig.  8. — Part  of  the  lower  jaw, 
with  teeth,  of  the  Macello- 
dus Brodiei,  Owen.  (Nat. 
size,  and  magnified.) 


<iJ 


a,  ft.  Two  of  the  teeth  magnifled. 


9 


ft.  One  of  the  teeth  magnified. 


polished,  but  is  marked  by  fine  longitudinal  grooves  as  it  approaches 
the  summit  of  the  crown,  like  those  in  the  upper  jaw  of  the  Ma- 
cellodus ;  from  which  character,  and  from  the  progressive  acquisition 
of  a  similar  spade-like  shape  of  the  crown,  as  the  teeth  recede  from 
the  apex  of  the  jaw,  I  conclude  that  the  present  is  the  lower  jaw  of 
the  same  species.  The  teeth  are  separated  on  the  average  by  a  space 
equal  to  the  antero-posterior  diameter  of  the  crown ;  but  some  are 
closer  together,  others  wider  apart.  The  dentary  bone  {^g.  7)  con- 
taining them  exhibits  a  wide  posterior  notch  for  articulation  with  the 
angular  and  surangular  elements.  The  outer  surface  of  the  denti^ 
element  is  smooth  and  convex.  The  teeth  are  much  smaller  in  pro- 
portion to  the  jaw  than  in  the  Nuthetes,  figs.  1  &  2,  and  evidently 
belong  to  a  distmct  genus  of  Lizard. 

The  dermal  scutes  are  subquadrate,  smooth,  and  slightly  concave 
on  the  inner  surface ;  they  are  impressed  with  small  round  pits  on 
the  outer  surface,  as  in  the  existing  loricated  reptiles ;  but  the  teeth 
in  the  portions  of  jaw  in  the  same  block  are  anchylosed  to  the  jaw, 
not  lodged  in  distinct  sockets  as  in  the  CrocodiUa.  In  a  specimen 
of  two  of  these  scutes  in  natural  juxtaposition,  one  slightly  overlaps 
the  other.     The  neural  arch  of  the  vertebra  in  the  same  block  ex- 
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hibits  long  diapophyses,  as  in  the  lumbar  and  anterior  caudal  verte- 
brae of  most  modem  Lizards,  a  moderately  long  spine,  and  a  circular 
neural  canal :  the  exposed  surface  of  the  arch  is  fractured,  and  the 
zygapophyses  have  been  removed.  There  is  no  trace  of  the  verte- 
bral body,  which  has  most  probablv  been  detached  from  the  sutural 
connection  with  the  arch,  before  this  became  imbedded  in  the  present 
matrix. 

In  modem  LaeertUia  the  neural  arch  anchyloses  with  the  centram 
at  an  early  period,  but  in  the  Crocodilia  it  retains  its  sutural  union. 
On  the  supposition  of  the  neural  arch  being  separated  from  a  sutural 
union  and  not  broken  amiy,  that  arch  would  accord  with  the  croco- 
dilian characters  afforded  by  the  subquadrate  scutes ;  the  size  of  the 
two  parts  also  supports  their  reference  to  the  same  animal.  The 
presence  in  the  same  block  of  the  Lacertian  jaws  and  teeth  leads  to 
a  suspicion  that  they  belong  to  the  same  reptile ;  but  similar  croco- 
dilian scutes  are  associated,  in  another  block  of  Purbeck  clav,  with 
jaws  and  teeth  of  an  animal  to  which  they  could  not  have  belonged. 

The  length  of  the  portion  of  the  dentary  bone  containing  the 
thirteen  teeth  is  1 7  millimetres,  or  9  lines. 

The  breadth  of  the  neural  arch  across  the  diapophyses,  and  in- 
cluding them,  is  20  millimetres,  or  10  lines ;  the  long  diameter  of 
one  of  the  scutes  is  1 7  millimetres,  or  9  lines ;  its  breadth  is  6  lines, 
or  1.3  millimetres. 

1^.  7  a  is  a  magnified  view  of  one  of  the  anterior  teeth,  and  fig.  7  b 
of  one  of  the  hinder  teeth  in  the  dentary  bone,  fig.  7. 

As  the  anterior  teeth  in  this  specimen  present  nearly  the  same 
degree  of  resemblance  to  those  figured  in  my  *  Odontography*,' 
that  have  been  referred  to  the  HyUeosaurtis,  as  the  teeth  of  the 
Nuthetes  do  to  those  of  the  Megalosaurus,  it  became  equally  neces- 
sary to  consider  the  question  of  the  relationship  of  the  Macellodus 
to  me  ffyl€eosaurtis,  as  being  possibly  the  young  of  the  latter  Wealden 
reptile. 

The  teeth  of  the  Macellodus  that  most  resemble  those  of  the 
Hylaoaaurus  do  not  present  so  long  and  cylindrical  a  base,  so 
angular  an  expansion  of  the  crown,  or  the  mode  of  abrasion  of  the 
crown  by  two  sloping  facets  meeting  at  an  angle  of  80°,  which  is 
peculiar  to  the  presumed  Hylseosaurian  teeth :  moreover,  the  cor- 
respondingly enlarged  representations  of  the  spade-shaped  teeth  of 
the  Macellodus  have  not  yet  been  met  with  in  the  Wealden  strata 
that  have  yielded  the  teeth  and  other  remains  of  the  Hylaosaurus, 

The  large  Saurian  teeth  that  come  nearest  in  shape  to  the  typical 
and  most  numerous  teeth  of  the  Macellodus  are  those  of  the  Cardio- 
don  of  the  Forest  Marble  of  Wiltshire  (Odontography,  pi.  75  A. 
fig.  7  a)y  and  of  the  Palaosaurus  platyodon  of  the  Magnesian 
conglomerate  {op,  cit,  pi.  62  A.  fig.  7)  :  but  the  differences  which 
will  be  seen  on  comparing  the  enlarged  figures  of  the  teeth  of 
Macellodus,  figs.  7  &  9,  with  the  above-cited  figures,  are  not  recon- 
cileable  with  the  supposition  that  they  might  be  due  only  to  a  differ- 
ence of  age  of  indiviauals  of  the  same  species. 
♦  Vol.  i.  pi.  62  A.  fig.  8  a,  b. 
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GoNioPHOLis  CRASSiDENS,  Owen ;  Brit.  Assoc.  Report,  1841,  p.  69. 

In  some  of  the  blocks  of  Purbeck  stone  transmitted  by  both  Mr. 
Willcox  and  Mr.  Brodie  are  imbedded  portions  of  jaws,  teeth,  and 
other  parts  of  the  Swanage  Crocodile  (CroniopkoUs  crcusidensj. 

I  shall  not,  however,  dwell  on  the  remains  of  this  well-known 
reptile  of  the  Purbecks,  but  proceed  at  once  to  the  description  of  the 
most  novel  and  interesting  fossils  of  the  present  coUe^ion,  which 
have  been  obtained  exclusively  by  Mr.  Brodie. 

Class  MAMMALIA. 

At  first  sight  the  specimens  appeared,  as  their  discoverer  had  sup- 
posed, to  differ  only  in  species  from  the  similarljr-sized  jaws  of  the 
Lizards  with  which  they  were  associated ;  and  it  was  only  after  a 
careful  removal  of  the  matrix  that  concealed  their  most  characteristic 
features,  that  I  became  satisfied  of  their  relationship  to  the  Mammalian 
class. 

Spalacotherium  •  TRicuspiDENS,  Owcn. 

The  first  of  the  specimens  indicative  of  the  Uttle  insectiyoTous 
mammal,  for  which  the  above  name  b  proposed,  is  a  left  ramus  of 
the  lower  jaw,  indicated  by  nearly  the  whole  of  the  posterior  half, 
and  by  the  impression  of  nearly  the  anterior  half  of  the  bone :  it  is 
represented,  of  the  natural  size  in  outline,  and  magnified  in  tint,  at 
fig.  9.    The  posterior  half  contains  four  teeth,  which  at  first  sight 

Fig.  9. — Left  ramus  of  the  lower  jaw,  with  teeth,  of  the  Spalaco- 
therium TRICUSPIDENS,  Oweu.     (Nat.  size,  and  magnified.) 


•^ 


a,  b.  Proximal  extremity  of  Jaw.  r.  Oblique  rlev  of  a  molar  tooth. 

d.  Crown  of  the  tame,  teen  ttom  above. 

appeared  to  have  simple  long  slender  pointed  conical  crowns,  with  a 
basal  ridge.  The  portion  of  jaw  containing  them  extended  back- 
wards beyond  the  dental  series ;  and,  instead  of  showing  the  com- 

*  From  irrdXaK,  a  mokf  &  OtfpioVf  a  beasi. 
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poand  stractore  which  that  part  of  the  jaw  exhibits  in  the  Lizard 
tribe,  contmued  undivided,  with  the  convex  surface  as  it  were  bifur- 
cating to  include  a  smooth  depression,  the  Ipwer  division  or  ridge,  a, 
answering  to  that  going  to  the  condyle  and  angle  of  the  jaw,  and  the 
upper  one,  6,  to  that  going  to  the  coronoid  process,  in  the  ramus 
of  the  jaw  of  the  Mole  and  Shrew.  This  character  first  led  me  to 
endeavour  to  ascertain  more  of  the  characters  of  the  fossil ;  but 
before  meddling  with  this  delicate  and  brittle  but  most  precious 
evidence  of  the  Purbeck  fauna,  I  committed  it  to  Mr.  Dinkel's  care, 
for  a  drawing  of  the  part  of  the  natural  size,  and  a  magnified  view 
of  so  much  as  was  exposed  'of  the  largest  of  the  teeth.  Having 
received  these  drawings  with  the  specimen,  I  proceeded  to  expose 
more  of  the  crowns  of  the  teeth,  when  they  were  found  to  be  tricuspid, 
the  inner  part  of  the  crown  being  produced  into  a  point  both  before 
and  behind  the  longer  cusp  which  formed  the  chief  outer  division  of 
the  crown,  and  which  alone  had  been  exposed  on  first  view.  I  next 
proceeded  to  examine  into  the  mode  of  miplantation  of  these  teeth, 
and  found  them  fixed  by  a  fang  dirided  externally  into  two  roots,  in 
a  distinct  forked  socket  m  the  substance  of  the  jaw.  The  multicuspid 
crown,  the  divided  root  of  the  tooth,  its  complex  implantation,  and 
the  undirided  or  simple  structure  of  the  ramus  of  the  jaw,  all  con- 
corred,  therefore,  to  prove  the  mammalian  nature  of  this  fossil. 

Fig.  9  c  is  an  obhque  view  of  the  anterior  side  of  the  crown  of 
the  first  of  the  four  teeth,  showing  that  the  basal  ridge  bends  up  and 
is  lost  upon  the  side  of  the  accessory  cusp.  Both  the  posterior  and 
anterior  cusps  project  upwards  on  a  plane  more  internal  than  the 
middle  or  chief  cusp  ;  and  the  crown  of  the  tooth,  viewed  vertically, 
gives  the  contour  represented  in  fig.  9  d.  The  four  back  teeth  repre- 
sented in  fig.  9  progressively  decrease  in  size  to  the  hindmost,  which 
seems  to  be  the  last  of  the  series.  The  sharp  multicuspid  character 
of  so  much  of  the  dental  series  as  is  here  preserved  repeats  the 
general  condition  of  the  molar  teeth  of  the  small  insectivorous  Mam- 
malia in  a  striking  degree :  one  sees  in  them  the  same  fitness  for 
piercing  and  crushing  the  tough  chitinous  cases  and  elytra  of  insects. 
The  particular  modification  of  the  pointed  cusps,  as  to  number,  pro- 
portion, and  relative  position,  resembles  in  some  degree  that  of  the 
Cape  Mole  {Chrysochlora  aurea),  but  accords  more  closely  with 
that  of  the  extinct  Thylacotherium  of  the  Oolite  (Trans.  Geol.  Soc. 
2nd  Ser.  vol.  vi.  pi.  6.  fig.  1)  than  with  any  of  the  existing  types  of 
insectivorous  dentition. 

The  minor  antero-posterior  extent  of  the  crown  is  considerable  as 
compared  with  the  proportion  of  that  diameter  with  the  height  of 
the  crown  in  the  true  molars  of  any  of  the  modern  Moles  and  Shrews, 
except  the  ChrysocMora.  The  impressions  of  the  inner  side  of  some 
teeth  anterior  to  those  in  place  show  plainly  the  tricuspid  character  of 
the  crown,  and  indicate  also  a  greater  number  of  such  molars  in  the 
fossil  than  in  any  of  the  recent  mammalia,  with  the  exception  of  the 
marsupial  Myrmecohius  ;  of  this  further  and  more  important  affinity 
of  the  Spalacotherium  to  the  Thylacotherium,  the  following  speci- 
mens yield  more  derisive  evidence. 
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d  7.  The  specimen  bo  marked  is  a  poitioix  of  the  so-called  *  dirt- 
bed,'  from  the  Purbecks  at  Durdlestone  Bay,  haying  imbedded  in  it 
the  rieht  ramus  of  the  lower  jaw  of  the  Spalacotheriumy  wanting  the 
ascen£ng  branch,  but  containing  one  incisor,  a  canine  or  canine- 
shaped  premolar,  and  ten  succeeding  molar  teeth.  It  is  represented 
of  the  natural  size  in  outline,   and  magnified  in  tint,  in  fig.  10. 

Fig.  10. — Right  ramus  of  the  lower  jaw,  with  teeth,  of  the  Spaui- 
COTHERIUM  TRICUSP1DEN8,  Owcn.     (Nat.  sizc,  and  magnified.) 


a.  Oblique  Tiew  of  the  molar  tooth  No.  8.  e.  Laoiarifonn  tooth  (sflnt  premolar  F). 

b.  Crown  of  the  same,  teen  from  abore.  i.  Indfor. 

The  incisor,  t,  is  the  smallest  of  these  teeth,  and  has  a  subgnadrate 
or  very  obtusely-conical  crown,  convex  externally.  The  canine  or 
canine-shaped  premolar,  c,  is  more  than  twice  as  long  and  broad  as 
the  incisor,  with  a  subcompressed,  sharp-pointed  conical  crown,  a 
little  inclined  backwards;  it  appears  to  have  been  inserted  by  a 
divided  root,  like  the  similarly-shaped  and  proportioned  first  pre- 
molar in  the  Mole.  The  two  succeeding  teeth,  1  &  2,  are  one-third 
smaller  than  the  canine,  with  subcompressed,  conical  crowns,  at  the 
fore  and  back  part  of  which  the  base  is  slightly  produced :  each  is 
implanted  by  two  distinct  fangs.  The  third  and  fourth  teeth  have 
a  similar  form  and  complex  implantation,  but  are  somewhat  larger, 
and  the  basal  cusps  are  more  developed :  in  the  fourth  tootb  this 
development  gives  a  distinctly  tricuspid  character  to  the  crown,  the 
middle  cusp,  representing  the  crown  of  the  preceding  teeth,  being  the 
largest  and  highest.  The  six  following  teeth,  5  to  10,  repeat  the 
same  unequal  tricuspid  form,  with  incrc^ased  but  varying  size  ;  the 
middle  teeth,  6,  7,  8,  being  the  largest,  and  the  last  tooth,  10, 
diminishing  in  size  in  a  greater  ratio  than  the  penultimate  one,  9. 
These  last  six  molar  teeth  are  so  close  together  that  it  was  dfficult  at 
first  to  persuade  oneself  that  they  were  not  so  united  as  to  constitute 
fewer  and  more  complex  molars.  The  lateral  cusps  incline  inwards 
and  project  from  a  plane  more  internal  than  the  longer  middle  cusp. 
The  inner  side  of  tne  crown  presents  a  wide  longitudinal  groove  at 
the  base  of  the  middle  cusp,  oetween  the  inwardly  inflected  latend 
cusps :  the  base  of  the  crown  presents  externally  a  well-defined  narrow 
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dngulmn  or  ridge ;  beneath  which  the  two  fangs,  or  the  two  external 
fangs,  descend  into  the  substance  of  the  jaw. 

In  the  state  in  which  this  most  instructiye  portion  of  the  Spalaco- 
there  was  presented  to  me,  the  matrix  concealed  all  save  the  large 
middle  cnsp  of  the  molar  teeth,  which  teeth  then  seemed  to  be  wider 
apart,  and  presented  a  more  lacertine  aspect.  By  the  careful  appli- 
cation of  a  fine  needle  and  graring  tool,  I  succeeded  in  displaying  the 
lateral  cusps  and  grinding  surface  of  the  crown,  and  the  other  teeth, 
as  shown  in  the  enlarged  view  given  in  fig.  10. 

Fig.  10  a  gives  a  magnified  view  of  the  antepenultimate  molar,  8, 
view^  obhquelj  from  l^hind ;  and  fig.  10  6  is  an  outline  of  the  crown 
of  the  same  tooth,  viewed  vertically :  these  figures  accurately  repre- 
sent the  mammalian  and  insectivorous  characters  of  the  teeth. 

So  much  of  the  jaw-bone  as  is  preserved  in  this  specimen,  fig.  10, 
corresponds  in  size  and  shape  with  the  portion  and  impression  of  the 
opposite  (left)  ramus,  fig.  9  ;  and  shows  the  same  yertical  contrac- 
tion or  decrease  of  diameter  behind  the  molar  series,  prior  to  the  ex- 
oansion  of  the  jaw  into  the  ascending  ramus.  The  horizontal  ramus 
nas  suffered  an  oblique  fracture  since  its  fossilization  across  the 
alveolar  series,  with  a  very  slight  depression  of  the  fore  part  contain- 
ing the  four  anterior  teeth  :  a  second  fracture  crosses  the  contracted 
part  of  the  jaw  behind  the  last  moliur  in  pkce.  There  is  not  any 
dear  evidence  of  a  smaller  molar  tooth  behind  the  last  in  place, 
marked  10.  Between  the  large  laniariform  tooth,  c,  and  the  fore  end 
of  the  ramus  of  the  jaw,  there  is  space  for  three  incisors  like  the  small 
one  preserved,  t,  and  also  for  a  small  canine,  which  tooth  is  demon- 
strated in  one  of  the  specimens  (a  7)  in  Mr.  Brodie's  collection. 

The  specimen  marked  ^  7  in  this  series  is  the  anterior  half  and  an 
impression  of  most  of  the  remaining  part  of  the  left  ramus  of  the 
lower  jaw,  with  its  inner  surface  exposed,  showing  the  large  canine 

Fig.  11. — Inner  aspect  of  a  left  ramus  of  the  lower  jaw,  with  teeth, 
of  the  Spalacotherium  tricuspidens,  Owen.  (Nat.  size,  and 
magnified.) 


a.  Two  molan,  numbered  4  ft  5.  c.  Premolar  or  canine  P  tootb. 

or  canine-shaped  premolar,  c,  and  five  following  teeth  in  place,  a  frag- 
ment of  a  sixth  molar,  and  impressions  of  four  succeeding  molars. 
The  crown  of  the  canine-shaped  tooth  is  long,  subcompressed,  slightly 
recurved,  pointed,  with  a  posterior  basal  tubercle.     The  adjoining 
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tooth  has  a  compressed,  pomted  crown,  scarcely  half  the  height  of 
the  canine  and  two-thirds  as  broad  at  the  base,  with  a  ridge  along 
the  inner  side  of  the  base,  and  a  more  developed  posterior  basal  tu- 
bercle :  it  is  divided  by  a  small  interval  from  the  canine.    The  second 
molar,  with  a  slight  increase  in  size  and  a  similar  shape,  has  the  fore 
part  of  the  basal  ridge  developed  into  a  low  point,  and  the  hinder 
tubercle  is  relatively  larger  and  more  pointed.    The  third  tooth  is 
larger  than  either  of  the  two  preceding,  but  resembles  them  in  form. 
The  fourth,  with  the  same  antero-posterior  extent,  has  a  lower  crown, 
the  middle  cusp  being  relatively  shorter,  but  both  the  anterior  and 
posterior  ones  are  larger,  and  now  begin  to  assume  the  character  of 
mdependent  cusps ;  their  bases  almost  meeting  upon  the  inner  side 
of  the  base  of  tne  middle  cusp.    The  fifth  molar,  with  a  sli^t  in- 
crease of  size,  shows  a  still  further  development  of  the  accessory  cusps, 
which  now  are  inclined  backwards,  or  project  from  a  more  internal 
plane  than  the  middle  cusp.     The  impressions  of  the  succeeding  teeth 
show  that  (heir  middle  cusp  was  longer  in  proportion  to  its  basal 
breadth ;  and  thus  agree,  like  the  foregoing  teeth,  with  the  tee^  simi- 
larly marked  in  fig.  10.    The  canine-like  tooth  seems  to  have  a  bifid 
fanff ;  the  three  succeeding  premolars,  implanted  each  by  two  fanes, 
in  this  respect,  as  in  their  general  form  and  proportions,  resemble  Uie 
four  premolars  of  the  lower  jaw  of  the  Mole.    The  ramus  of  the  iaw 
very  closely  resembles  in  shape  that  of  the  Mole,  but  is  larger  than 
that  of  the  Talpa  europaa,  being  1  inch  3  lines,  or  32  miUimetres 
in  length,  that  of  the  Mole  being  1  inch,  or  25  millimetres.    The 
crown  of  the  laniariform  tooth  is  relativdy  longer,  and  the  fourth 
tooth  counting  therefrom  is  of  a  different  form,  being  of  much 
smaller  size  and  of  a  more  simple  structure  than  is  the  corresponding 
tooth  which  forms  the  first  true  molar  of  the  Mole.    The  greater 
number  of  molar  teeth  indicated  in  the  present  and  displayed  in 
other  specimens  of  the  Spalacotherium  decisively  demonstrate  not 
only  its  specific  but  generic  distinction  from  the  Mole,  or  any  known 
existing  msectivore;  the  marsupial  Myrmecobius  being  the  sole 
mammal,  with  incisors  and  canines,  that  resembles  the  Spalacothere 
in  the  excessive  number  of  the  molar  teeth.     Fig.  1 1  a  is  a  magni- 
fied view  of  the  teeth  4  &  5,  showing  the  meeting  of  the  accessory 
cusps  on  the  inner  side  of  the  crown. 

In  the  specimen  marked  a  7  in  Mr.  Brodie*s  series,  and  represented 
in  fig.  1 2,  the  tooth,  5,  that  immediately  precedes  the  large  canine- 
shaped  tooth,  c,  is  preserved ;  it  is  also  canine-shaped,  but  about  half 
the  size  of  that  tooth.  There  is  a  trace  of  a  small  incisor  in  the 
crushed  and  broken  anterior  end  of  the  jaw  in  front  of  the  above 
teeth.  This  specimen  the  more  inclines  me  to  the  beUef  that  the 
larger  canine-shaped  tooth  is  the  first  premolar,  as  in  the  Mole ;  but 
it  appears  to  be  implanted  by  a  simple  expanded  base  in  the  present 
specimen  :  the  crowns  of  the  three  succeedme  teeth,  and  the  fractored 
bases  of  the  crowns  of  the  four  or  five  following  molar  teeth  are 
shown  in  this  mutilated  portion  of  the  right  ramus  of  the  lower  jaw 
of  the  Spalacotherium,  Fig.  1 2  a  is  a  magnified  view  of  two  of  these 
teeth,  from  which  the  middle  and  hind  cusps  have  been  broken  away. 
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Fig.  12. — Portion  of  the  right  ramus  of  the  lower  jaw,  with  teeth, 
of  the  Spai*acotherium  tricuspidens,  Owen.  (Nat.  size,  and 
magnified.) 


-M«i 


ff.  Two  molart,  idthout  the  middle  A.  Canine  tooth  ? 

and  hind  cusps :  magnifled.  r.  First  piemolat  f 

In  the  same  block  of  Purbeck  "  dirt-bed  "  are  imbedded  part  of  a 
Tertebra,  a  fragment  of  the  jaw  with  a  few  teeth  of  the  Macellodue, 
and  three  of  the  small  snbquadrate  and  externally  pitted  dermid 
scutes.  There  is  also  a  beautifully  clear  impression  of  the  dentary 
bone,  with  six  or  seven  of  the  anterior  minute  teeth,  and  a  row  ot 
fine  Tascular  pits  or  foramina,  of  the  MaceUodua. 

In  regard  to  the  Spalacotherium,  sufficient  evidence,  it  seems  to 
me,  is  fmorded  by  Mr.  Brodie's  fossils,  described  in  the  foregoing 
pages,  to  satisfy  uie  most  scrupulous  palseontologist  as  to  the  mam- 
midian  and  insectivorous  character  of  the  species.  The  portions  of  the 
jaws  and  teeth  on  which  the  genus  ana  species  are  lounded,  show 
precisely  the  same  dark  charred  colour  as  the  reptilian  fossils  with 
which  they  are  associated ;  and  there  can  be  no  doubt  of  the  mamma- 
lian and  lacertian  remains  being  of  the  same  date,  included,  as  they 
often  are,  in  the  same  block  of  matrix.  There  is  no  satisfactory 
evidence  of  the  marsupial  character  of  the  jaws  of  the  Spalacothe- 
rium :  from  the  great  number  of  the  tricuspidate  molars,  one  might 
be  inclined  to  infer  its  affinity  with  the  recent  Myrmecobius  ;  but, 
although  the  molar  teeth  are  not  so  numerous  in  any  placental  Insec- 
dvore,  they  manifest  so  much  variety  in  number  and  shape,  in  the 
existing  species,  that  a  further  deviation  from  the  common  type  in 
regard  to  number  would  not  be  a  very  violent  departure  from  the 
characters  of  the  true  Insectivorous  order.  The  straight  uninflected 
angle  of  the  lower  jaw  of  the  Thylacotherium  has  led  me  to  view 
that  genus  as  more  nearly  allied  to  the  placental  than  to  the  marsu- 
pial Insectivora ;  and  the  Spalacotherium  has  closer  affinities  with 
the  Thylacotherium  than  with  any  known  existing  Insectivora.  In  a 
comparison  with  these,  the  Spalacothere  most  closely  resembles,  as  to 
the  shape  of  its  teeth,  the  iridescent  Cape  Mole  {Chrysochlora  aurea)  : 
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the  last  five  molars  of  this  species  hare  tricuspid  crowns,  with  the  an- 
terior and  posterior  smaller  cusps  on  a  plane  more  internal  than  the 
middle  one,  but  the  smaller  cusps  are  given  off  nearer  the  summit  of 
the  crown.  These  teeth  also  resemble  the  molars  of  the  Spalacothere 
in  their  small  antero-posterior  extent,  but  they  are  fewer  in  numbo* 
and  are  placed  farther  apart  in  the  Cape  Mole,  which  also  is  restricted 
to  the  number  of  ten  teeth  in  each  ramus  of  the  lower  jaw,  incisors 
and  canine  inclusiye. 

The  Spalacothere  has  nearer  affinities,  as  has  been  already  inti- 
mated, to  the  Thylacothere  of  the  Stonesfield  Oohte  than  to  any 
known  existing  species  of  Insectivore,  and  from  the  present  evidence 
I  should  place  it  in  the  same  natural  family  of  the  Insectivorous  order 
of  Mammalia. 

Touching  the  wider  question  of  the  successive  appearance  of  the 
mdes  of  animal  life  on  this  planet,  the  present  acquisition  from  the 
Purbecks  in  no  way  affects  the  question  as  it  was  left  by  the  long- 
contested  but  finally  settled  evidence  of  mammalian  life  at  the  period 
of  the  deposition  of  the  oolitic  slate  at  Stonesfield. 

Between  that  period  and  the  oldest  of  the  tertiary  deposits,  where 
hitherto  mammalian  remains  have  next  presented  themselves  in  the 
order  of  ^pearance,  the  interval  is  immense ;  the  lapse  of  time 
having  sufficed  to  allow  of  the  deposition  of  the  ooUtic  strata  from 
the  Great  Oolite  upwards,  of  the  Wealden  and  Neocomian  beds,  and 
of  the  formation,  by  more  or  less  minute  marine  animals,  of  the  mi^or 
part,  if  not  the  whole,  of  the  carbonate  of  lime  of  which  our  Chiilk 
downs  and  cliffs  consist.  The  chief  interest  in  the  discovc^  of  the 
Spalacotherium  is  derived  from  its  demonstration  of  the  existence  of 
Mammalia  about  midway  between  the  older  oolitic  and  the  oldest 
tertiary  periods. 

Both  the  Oxford  oohtic  slate  and  the  Purbeck  marly  shell-beds 
give  evidence  of  insect-life ;  in  the  latter  formation  abundantly,  as 
was  shown  in  Mr.  Westwood's  paper  read  at  a  former  meeting  of 
the  Society*.  The  association  of^  these  delicate  Invertebrates  with 
remains  of  plants  allied  to  Zamia  and  Cyca$  is  indicative  of  the  same 
close  interaependency  between  the  insect-class  and  the  vegetable 
kingdom,  of  which  our  power  of  surveying  the  pheenomena  of  life  on 
the  present  surface  of  the  earth  enables  us  to  recognize  so  noany 
beautiful  examples.  Amongst  the  numerous  enemies  of  the  inaect- 
class  ordained  to  maintain  its  due  numerical  relations,  and  organiied 
to  pursue  and  secure  its  countless  and  diversified  members  in  the  air, 
in  the  waters,  on  the  earth  and  beneath  its  surface,  bats,  lixards, 
shrews,  and  moles  now  carry  on  their  petty  warfare  simultaneoualT, 
and  in  warmer  latitudes  work  together,  or  in  the  same  localities,  m 
their  allotted  task.  No  surprise  need  therefore  be  felt  at  the  disco- 
very that  mammals  and  lizards  co-operated  simultaneously  and  in  the 
same  locality  at  the  same  task  of  restraining  the  undue  increase  of  insect 
life  during  the  period  of  the  deposition  of  the  Lower  Purbeck  beds. 

The  placental  Insectivora  are  far  from  being  the  highest  of  the 
Mammalian  class,  but  at  the  same  time  they  are  not  the  lowest :  if 
♦  Sec  above,  p.  378. 
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they  haye  small  unconyoluted  brains,  they  are  unguiculate  and 
dayiculate ;  some  are  fitted  for  flight  (Fespertilwnidise),  some  for 
swiftly  burrowing  in  the  earth  (Talpida),  some  for  swimming  and 
diving  {Soricid€B),  others  for  rapid  course  over  the  dry  land  {Ma- 
ero9€elidai). 

All  that  can  be  legitimately  inferred  as  to  the  grade  of  mammalian 
structure  now  brought  to  light  from  the  oldest  of  the  Wealden  epochs 
is  that  it  displays  the  mammalian  modification  which  we  know  to  be 
best  adaptea  to  profit  by  a  co-existence  with  the  insect  population  of 
the  same  period. 


2.  On  a  Section  lately  exposed  in  some  Exeavationa  at  the 
West  India  Docks.     By  W.  T.  Blanford,  Esq. 

[Communicated  by  the  President] 

An  excaration  lately  made  to  join  two  portions  of  the  West  India 
Docks  has  exposed  a  section  of  the  deposits  in  the  yalle^  of  the 
Thames  to  a  depth  of  above  30  feet,  showing  beds  of  peat  with  stems 
of  trees,  and,  below  these,  gravels  containing  organic  remains.  The 
thickness  of  the  different  l^ds  varies  considerably,  but  their  general 
succession  and  their  measurement  where  best  exposed  are  shown  by 
the  accompanying  diagram,  p.  434. 

The  two  beds,  c  k  d,  vary  in  character  and  thickness ;  stems  of 
trees,  most  of  which  lie  horizontally,  though  some  of  the  smaller  ones 
are  vertical,  are  scattered  throughout  the  peat ;  and  this  deposit  is  in- 
terspersed with  specks  of  blue  phosphate  of  iron.  Throughout  the 
clay,  c,  are  sparmgly  scattered  the  following  species  of  ^eshwater 
shells : — 

Bithinia  tentacnlata.  Limnsns  pereger. 

Limnaens  palustris.  Ancylui  flaviatilis. 

At  the  bottom  of  the  bed  of  peat  at  one  place  a  considerable  num- 
ber of  land  and  freshwater  shells  ef  the  following  species  occur  (the 
bivalves  having  both  valves  together)  : — 

Helix  nemoralis.  Bithinia  tentacnlata. 

H.  rotandata.  Ancylua  flaviatiliB. 

Clautilia  laminata.  Pisidium  amnicnm. 

Saccinea  patris.  Unio. 
Valvata  pisdnalis. 

This  bed,  d^  rests  on  the  very  uneven  surface  of  the  underlying 
clays,  sands,  and  gravels  («,/,  ^),  which  are  much  false-bedded,  and 
in  some  places  evidently  deposited  by  currents  of  considerable  strength ; 
beds  of  sand  aud  small  rolled  pebbles,  dipping  at  a  considerable  angle, 
lie  between  other  beds  which  are  horizontal,  though  thinning  out  at 
short  distances.  Towards  the  bottom  these  are  exclusively  of  pebbles, 
much  lai^er  than  those  in  the  upper  part,  and  mainly  composed  of 
chalk-flints,  some  of  which  are  very  much  rolled,  others  very  Uttle ; 
many  broken,  and  with  the  edges  but  Uttle  rolled.  Pebbles  of  dif- 
ferent kinds  of  sandstone  and  of  vein-quartz  also  occur. 
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l^thout  much  chan^  in  general  character,  these  graTels  become 
mixed  at  the  bottom  with  shells  in  great  numbers.  "Diese  appear  to 
be  always  broken,  and  the  few  fragments  of  (htrea  which  occur  are 
equally  comminuted  with  the  more  fragile  Cyretue  (mainly  C.  eunei- 
formis)  which  form  the  main  bulk  of  the  wells.  I  also  found  two 
fragments  of  Pectunculus.  Rolled  pieces  of  clay  of  various  sizes 
abound  in  the  bed.  This  day  is  dark  and  much  resembles  some  of 
the  bands  in  the  Woolwich  beds. 


Section  exhibited  by  Excavations  in  the  West  India  Docks, 


Pmcnt  turiscc.**  j 


Level  of  water  i 
In  the  Dockf.  / 


ft  in. 
eutb  **).'. ~ ^^.J....^.-..     11   11 


akb,  CUj,  mvel,  mU,  Ac  r 
rtb*" 


e.  Brown  and  blue  ckyt  wHh 
flreshwaler  tbells    ........... 


d  4.  Peat,  with  iteint  of  trees  and 
iu  one  place  ............^.> 


'    e.  Clay  of  rariable  character 
downwards  Into  sand ..... 


4     6 


1     8 
.SO 


/  /.  Sand  and  graTel ;  the  latter  rery  frr. 

!  ruglnous  at  the  top.    The  sand 

prerailing  in  the  upper  part.  The 
gravel  much  coarter  towards  the 

I  bottom   .... ........ IS    6 


%M^$^ 


g.  Pebbles  and  rolled  day,  with  broken 
shells ;  also  (a*)  patches  of  green 
sand  with  ptent  and  inaect  re- 
mains. 


At  the  bottom  of  the  excavation  occur  some  patches  of  greenish 
sand,  g*,  intercalated  with  the  pebbles ;  these  patches  are  a  yard  or 
more  in  thickness  in  places,  but  seem  to  be  in  isolated  masses,  only 
extending  for  a  few  feet  and  then  abruptly  cut  off.     They  contain 
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thin  bands  of  twigs,  leayes,  and  seeds  of  plants,  with  beetle  remains, 
Ijing  inclined  at  an  angle  of  about  15^  towards  the  north. 

Borings  in  the  vicinity  have  been  made ;  and  at  a  few  feet  beneath 
the  bottom  of  the  excavation  a  hard  calcareous  rock  was  reached  con- 
taining Cyretue,  

A  similar  deposit  of  peaty  and  ai^iUaceous  matter,  with  stems  of 
trees,  occurs  at  the  excavations  now  making  for  Victoria  Docks'^,  about 
a  mile  lower  down  the  river.  I  have  also  seen  something  like  it  at 
Woolwich ;  and  it  is  probably  continuous  over  all  this  part  of  the 
valley  of  the  Thames.  At  Victoria  Docks  a  similar  shelly  bed  occurs, 
containing  most  of  the  sheUs  above  enumerated,  with  one  or  two 
additions,  viz. : — 

Limiuetis  auriculiris.  Helix  nifescens. 

Neritina  fliniatilU.  Planorbis  nitidus. 


3.  On  the  Distinctive  Physical  and  Paljcontological  Fea- 
tures of  the  London  Clay  and  the  Bracklesham  Sands  ; 
and  an  the  Independence  of  these  two  Groups  of  Strata. 
By  Joseph  Prestwich,  Jun.,  F.R.S.,  F.G.S. 

§  1 .  On  the  difference  of  the  Species^  and  of  the  physical  structure. 

The  fact  of  the  London  Clay  proper  having  been  considered,  until 
within  a  comparativelv  recent  period,  synchronous  with  the  clays 
and  sands  of  Bracklesham  and  Barton,  gave  rather  naturally  greater 
weight  and  prominence  to  the  resemblances  than  would  attach  to  the 
differences,  m  the  character  of  the  fauna  of  these  several  beds.  Not 
that  the  differences  were  overlooked,  but  they  were,  owing  to  this 
presumed  synchronism,  referred  to  changes  dependent  upon  geogra- 
phical distribution,  depth  of  water,  and  variations  of  semment ;  and 
their  true  value  was  in  consequence  hardly  sufficiently  aUowed  This 
supposition,  which  levelled  the  distinction  of  age,  led  to  the  union  of 
the  three  distinct  faunas  of  the  above-named  deposits ;  and  conse- 
quently, both  here  and  abroad,  the  comparison  of  this  associated 
group  with  the  continental  tertiary  faunas  almost  necessarily  caused 
the  tnree,  as  a  whole,  to  be  considered  synchronous  with  that  deposit 
with  which  it  possessed  a  majority  of  fossils,  t.  e»  the  Calcaire  gros- 
sier  ;  whilst  by  a  natural  reaction  the  dififerences  in  the  faunas  thus 
wrongly  parallelled  were  inevitably  referred  to  such  causes  as  had  been 
used  to  account  for  the  anomalies  arising  from  associating  together 

*  The  following  is  the  section  at  Victoria  Docks : — 

ft.  in. 

Brown  day,  with  some  land  and  freshwater  shells  6  0 

Peat  4  0 

Sandy  clay  and  sand,  with  roots  of  trees  5  0 

Gravels  and  sands,  folse^bedded,  unfossiliferous,  about  20  0 

Blue  day,  apparently  unfossiliferoas. 


Digitized  by 


Google 


436  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.  [June  7, 

the  clays  of  London,  the  sands  and  clays  of  Bracklesham,  and  the 
clays  of  Barton,  under  one  name  of  London  Clay. 

Although  I  had  endeaTOured,  in  1847,  to  prove  that  these  three 
deposits  were  not  synchronous,  hut  in  a  definite  order  of  superposi- 
tion, still,  owing  to  the  circumstances  named  ahove  and  to  the 
concision  produced  hy  the  difficulty  of  unrayelling  organic  remains  so 
loi^  mixed  up  together,  the  extent  of  the  differences  hetween  the  strata 
of  London  and  of  Bracklesham  were  not  then  fully  develoned,  and  the 
evidence  in  support  of  these  views  has  not  heen  considered  sufficiently 
conclusive  hy  some  foreign  geologists  who  yet  adhere  to  the  former 
views  on  this  question.  One  of  the  ohjects  of  this  paper  is  to  confirm, 
hy  a  further  inquiry  into  the  organic  remains  of  these  two  deposits, 
the  distinction  hefore  pointed  out,  and  with  the  lists  given  in  the  last 
paper'*',  to  enahle  more  especially  our  foreign  colleagues  to  judge  of 
the  extent  of  these  distinctions,  and  to  afford  them  specific  fos^Uferous 
zones  for  comparison  with  their  own  rich  and  attractive  tertiary 
series.  So  late  as  1850,  one  of  the  most  ahle  of  the  French  natu- 
ralists, in  comparing  the  corals  of  the  English  marine  eocenes  with 
those  of  the  Calcaire  grossier,  is  led,  hy  adopting  the  old  meaning  of 
the  "  London  Clav,"  to  a  theoretical  difficulty  in  the  explanation  of 
the  range  of  species,  which,  hy  taking  the  more  restricted  meaning, 
would  not  exist,  and  which  restriction  the  work  itself,  in  fact, 
directly  corrohorates  by  the  distinctive  determination  of  the  London 
and  Bracklesham  species.  Thus  M.  Milne-Edwards,  after  remarking 
on  some  points  of  resemblance  between  the  Enghsh  fauna  and  that 
of  the  "  Calcaire  grossier,"  observes  nevertheless,  that  "  most  of  the 
corals  found  in  the  environs  of  Paris  have  not  been  met  with  in  the 
Eocene  strata  of  the  London  Clay,  and  many  of  the  corals  belonging 
to  the  last-mentioned  deposits  have  not  been  discovered  elsewhere  f;" 
and  then  states,  that,  as  ''  at  the  present  period  similar  differences  to 
those  existing  in  these  French  and  English  Eocene  series  exist  at 
small  distances  in  the  same  zoological  r^on,  and  appear  to  depend 
principally  on  the  depth  of  the  sea  and  the  nature  of  the  bottom, 
by  analogy  we  are  therefore  led  to  suppose  that  in  the  Eocene  ma- 
rme  fauna  they  are  only  indicative  of  some  such  local  peculiarities  {." 

M .  H^rt,  who  has  so  thoroughly  studied  the  French  Tertiaries, 
still  considers  that  the  differences  existing  between  the  fauna  of  the 
Calcaire  gro9sier  and  that  of  the  London  Clay  proper,  are  to  be 
accounted  for  by  such  causes  as  above-named,  and  is  there- 
fore unwilling  to  admit  any  difference  of  age  in  these  deposits  §. 
Whilst  the  distinguished  palseontologbt,  M.  A.  d'Orbigny,  writing 
in  1852,  and  speaking  also  of  our  three  English  groups  taken 
together,  observes  that  "  the  identity  of  the  London  Clay  and  of  our 
*  Etage  Parisien  *  (t.  e.  the  Glauconie  grossikre^  Calcaire  grosser,  and 

*  Sec  above,  p.  411-19. 

t  Monog.  Pakeon.  Soc.,  vol.  for  1850.  Brit,  Fo$9,  Corats,  p.  12. 

t  M.  Agasaiz  also  seems  to  refer  the  differences  in  the  ^hes  to  similar  causes. 
Rep.  Br.  Assoc.  1846,  p.  52. 

§  Bull.  Soc.  G^l.  de  France,  2nd  ser.  vol.  ix.  p.  350,  and  Comptes  Rendns,  for 
1850,  p.  852.    M.  Hebert  considers  the  Basement-bed  of  both  alike. 
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Sables  moyena)  is  now  too  well  known,  too  palpable  to  all  those  who 
will  but  look  at  their  respective  faunas,  to  require  further  proofs 
from  us.  Of  this  it  is  easy  to  judge  by  the  great  number  of  similar 
species  found  in  both  districts'*'." 

I  merely  mention  these  facts  to  show  how  very  important  differ- 
a^xs,  which  if  seen  alone  could  not  fail  to  attract  attention,  can, 
when  associated  by  long  usage  with  a  certain  amount  of  resemblances, 
be  OTerlooked  when  correlating  the  whole  with  other  strata  in  which 
the  resemblances  are  the  positive  and  the  differences  the  negative 
phsenomena. 

Since  the  publication  of  my  paper  f  "  On  the  probable  age  of  the 
London  Clay,"  &c.,  in  which  lists  of  the  fossil  shells  of  this  deposit 
and  of  the  Bracklesham  and  Barton  beds  are  eiven,  the  valuable 
publications  of  the  Palseontographical  Society  and  Dixon's  '  Geology 
of  Sussex'  have  rendered  practicable  a  comparison  of  the  other 
portions  of  the  fauna,  whilst  the  continued  researches  of  Mr.  Edwards 
on  the  Bracklesham  Molluscs,  and  the  additions  made  by  Mr.  Wethe- 
reU  and  Mr.  Bowerbank  to  those  of  the  neighbourhood  of  London 
and  of  Sheppey,  have  materially  extended  the  list  of  these  fossils,  at 
the  same  tune  that  it  has  rendered  necessary  a  revision  of  some 
supposed  identical  species.  The  result  of  these  additions  to  our 
knowledge  has  been  not  onlv  to  confirm  the  distinction  of  the 
founas  of  these  three  tertiary  deposits,  but  also  to  place  this  distinc- 
tion in  a  still  stronger  light,  so  much  so  as  to  warrant  our  assigning 
to  the  London  series  a  more  definite  and  separate  position  than 
before.  In  the  same  paper  (p.  377)  I  expressed  an  opinion  that 
"  we  had  in  this  country  an  important  and  large  development  of 
strata  of  the  age  of  the  lower  portion  of  the  French  series,  and  that 
to  an  extent  which  would  constitute  them  the  type  of  the  period 
rather  than  a  subordinate  variation  thereof^."  Of  this  fact  I  now  feel 
so  assured,  as  I  also  am  of  the  sufficient  difference  existing  between 
the  London  Clay  and  the  Bracklesham  beds,  that  I  would  suggest 
that  they  should  be  considered  as  independent  groups,  and  that  the 
London  Clay,  with  its  basement  bed,  the  Woolwich  and  Reading  series 
and  the  ThanetSands,  form  of  themselves  a  distinct  and  separate  stage 
in  the  Tertiary  series.  To  this  the  term  of  "  the  London  Tertiary 
group,"  or  merely  the  London  Tertiaries,  should  be  apphed,  as 

*  Coare  ^^m.  de  Pal^n.  et  de  Geol.  vol.  ii.  p.  753. 

t  Quart  Joum.  Geol.  Soc.  vol.  iu.  p.  354. 

X  Quart.  Journ.  Geol.  Soc.  vol.  iii.  p.  377.  M.  Alcide  d'Orbigny  has  since 
made  a  somewhat  similar  division  of  the  Lower  Tertiaries  in  France ;  L  e.he  has 
separated  from  the  "  Calcaire  grossier ''  the  beds  beneath  it,  forming  of  the 
upper  division  his  **  Etage  Parisien/'  and  of  the  lower  his  **  Etage  Suessonien.'' 
The  London  Tertiaries,  however,  include  only  part  of  this  lower  division :  the 
upper  and  more  important  part  I  am  inclined  to  group  with  the  Bracklesham 
series,  which  is  the  true  equivalent  of  the  "  Calcaire  grossier.''  M.  Dumont,  in  his 
classification  of  the  Belgian  series,  also  groups  together  the  '*  Sables  et  Argiles 
Ypr^ens,"  these  representing,  as  I  shall  show  in  the  next  paper,  the  London 
CUy  and  Lower  Bagshot  Sands,  which  latter  I  should,  however,  rather  place  in 
the  Bracklesham  series. 
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serving  to  designate  the  oldest  division  of  the  Tertiary  series  in  this 
part  of  Europe; — a  series  as  much  marked  hy  its  Reptiles  and 
Fishes,  as  the  overlying  group  is  hy  its  Mammals  and  Molluscs ;  whilst 
the  absence  of  Nummuhtes  in  this  lower  group  constitutes  of  itself  an 
important  distinguishing  feature. 

in  the  first  place,  the  physical  features  and  lithological  character 
of  the  two  groups  will  be  observed  to  be  extremely  well  defined. 
The  London  Clay  is  persistent  over  a  large  area,  and  everywhere 
maintains  througnout  its  mass  a  nearly  umform  mineral  character. 
Between  this  deposit  and  the  overlying  Bagshot  and  Bracklesham 
series  there  is  no  decided  passage.  *It  is  true  that  there  is  no 
marked  unconformability — ^no  eroded  surface — ^nothing  in  fact  to 
indicate  that  the  London  Clay  had  been  elevated  and  existed  as  dry 
land  before  it  was  submerged  and  covered  by  the  Bagshot  Sands, 
but  merely  that,  owing  to  some  extensive  alteration  in  the  distribution 
of  land  and  water,  the  drainaee  from  other  lands  and  from  new  rivos 
overspread  the  former  sea-bed :  for  it  is  evident,  from  the  completely 
changed  nature  of  the  Bracklesham  series,  from  the  prevalence 
throughout  its  mass  of  vast  beds  of  sands  with  subordinate  greeo 
sands  and  shifting  clays,  and  the  entire  cessation  of  the  repetition  in 
that  series  of  the  mineral  character  ol  the  Loudon  Clay,  that  the 
debris  forming  each  deposit  was  derived  from  two  distinct  and  separate 
sources.  Further,  the  immediate  change  was  probably  not  marked 
by  any  very  violent  action  vrithin  this  area,  as  the  overlying  group 
does  not  show  at  its  base  coarser  materials,  nor  exhibit  a  more 
trenchant  divisional  plane,  than  prevail  in  the  beds  throughout  their 
mass  generally.  Here  and  there  m  the  Bagshot  area,  a  band  of  rolled 
flint-pebbles  occurs  at  the  base  of  the  sands,  but  this  is  an  exceptional 
case ;  on  the  contrary,  the  admixture  of  the  upper  surface  of  the 
London  Clay  with  the  first  2  or  3  feet  of  sands — a  necessary  con- 
dition of  a  muddy  clay  sea-bottom — gives  rise  at  places  to  some  ap- 
pearance of  a  passage  between  the  two  deposits.  In  the  last  paper* 
it  was  shown  that  the  London  Clay  is  thickest  in  Kent  and  Essex,  and 
becomes  much  thinner  as  we  proceed  west  and  south-west ;  but  this 
I  do  not  believe  to  arise  from  the  wearing  down  of  the  London  Clay, 
or  firom  any  unconformability  of  the  strata,  so  much  as  from  the  larger 
original  accumulation  of  the  London  Clay  in  those  areas,  owing,  as 
I  before  stated,  to  the  nearer  proximity  to  the  river  mouth. 

With  respect  to  the  palaeontoloffical  evidence,  although  the  Lon- 
don Clay  forms  but  the  upper  division  of  the  London  Tertiary  series, 
and  the  Bracklesham  beds  are  the  lower  part  only  of  the  overiyiog 
series,  still,  as  these  two  deposits  constitute  by  far  the  most  important 
members  of  each  series,  offer  the  best  knovm  organic  remains,  and 
present  the  nearest  like  terms  both  in  physical  and  zoological  condi- 
tions, I  will  take  their  two  faunas  as  the  fittest  for  comparing  the 
life  of  these  lower  and  middle  Eocene  periods. 

Mammalian  remains  are  very  Hmited  in  number.     Prof.  Owen,  in 

♦  Jjoe,  eit. 
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his  Taluable  work  on  British  Fossil  Mammals,  mentions  only  two 
mammals  from  the  London  Clay,  and  one  from  the  Bracklesham 
sands*  ;  the^  are  distinct  species. 

The  remams  of  fonr  species  of  Birds  are  found  in  the  London 
Clay,  hut  the  Bracklesham  series  offers  in  this  class  no  terms  for 
comparison. 

Tne  Reptilesf  constitute  an  important  and  well-characterized  group 
of  21  species,  of  which  numher  two  only  have  been  identified  among 
the  7  Bracklesham  species ;  and  one  of  these,  the  Chehne  Umgicepa, 
must  be  received  with  a  doubt,  owing  to  the  imperfect  character  of 
the  specimens  upon  which  the  determination  rests.  In  the  families 
occurring  in  the  two  deposits  there  is  a  marked  concordance. 

The  Fishes  of  the  London  Clay  are  equally  characteristic  and  still 
more  abundant,  amounting  to  as  many  as  83  species ;  whilst  in  the 
Bracklesham  sands  28  species  have  been  recognised^.  Of  these, 
although  sereral  of  the  genera,  as  Myliobatit,  JBtobatis,  Otodus, 
Lamna,  are  well  represented  in  both,  only  10  species  are  common  to 
the  two  deposits.  It  will  be  observed,  that  a  great  point  of  re- 
semblance in  the  two  groups  is  the  abundance  of  cartilaginous  fishes 
of  the  Shark  and  Ray  tribe,  and  that  the  distinctive  feature  is  the 
presence  in  the  London  Clay  of  a  considerable  number  of  Oanoidei, 
an  order  which  is  entirely  wanting  in  the  Bracklesham  series. 

Of  the  M oUusca  we  find  a  larger  proportion  common  to  the  two 
periods.  In  1847  the  known  species  altogether  numbered  only  283, 
and  of  these  43,  or  about  15  per  cent.,  were  considered  common  to  the 
two  deposits.  Mr.  Edwards  has  had  the  kindness  to  furnish  me  with  a 
list,  which  is  appended  to  this  paper,  of  the  Bracklesham  (see  p.  450) 
and  London  Clay  species  in  his  collection,  and  has  also  greatly  assisted 
me  with  his  opinion  as  to  the  species  common  to  the  two  series  §.  The 
total  number  of  determined  species  now  amounts  to  540,  of  which 
316  are  peculiar  to  the  Bracklesham  beds,  and  168  to  the  London 
Clay,  while  the  number  common  to  both  does  not  exceed  56  species, 
or  under  10  per  cent.,  a  proportion  which  may  possibly  be  further 
reduced  when  a  larger  number  of  species  are  accurately  determined. 
Of  the  Cephalopoda  there  are  10  species  in  the  London  Clay,  and  but 
8  in  the  Bracklesham  beds :  of  these  4  are  common  to  the  two  series. 
Of  Grasteropoda  there  are,  on  the  contrary,  but  1 38  species  in  the 
former  deposit,  and  232  in  the  latter :  of  these  37  species  are  common. 
Nearly  the  same  proportion  holds  good  in  the  Lamellibranchiata,  of 
which  there  are  70  species  in  the  one,  and  127  in  the  other ;  of  these 
14  are  found  in  both.  Of  Brachiopoda  there  are  2  species,  of  which 
one  is  in  common.  There  are  4  species  of  Bryozoa  in  the  Brackle- 
sham beds,  and  4  in  the  London  Clay ;  they  are  all  distinct,  but  one 

*  It  is  not  until  we  get  higher  in  the  Middle  Eocenes  that  mammals  become 
numerous. 

t  Mon.  Palcont.  Soc,  voL  for  1850-51 ;  Owen  and  Bell, "  Fossil  Reptiles  of  the 
London  Clay/' 

t  Agassiz's  '*  Poissons  Fossiles,"  and  Trans.  Brit.  Assoc,  for  1844,  p.  307. 

I  I  am  also  indebted  to  Prof.  Forbes  and  Mr.  Morris  for  their  aid  in  the  critical 
discussion  of  this  subject. 

VOL.  X. — PART  I.  2  H 


Digitized  by 


Google 


440  PROCEEDINGS  OF  THE  0E0L061C1X  SOCIETY.       [Jone  7, 

of  the  former,  the  Lunulitet  urceolaius,  has  heen  recognised  by  Mr. 
Rupert  Jones  in  the  Woolwich  beds  beneath  the  London  Clay. 

Of  the  Crustacea,  which  form  so  remarkable  a  group  in  the  Lon- 
don Clay,  comparatively  little  is  at  present  known.  Prof.  M*Coy 
has  described  7  species,  but  the  number  of  determinable  species  in  the 
collections  of  Mr.  Wetherell  and  Mr.  Bowecbank  amounts  to  at  letst 
20  or  30,  all  or  most  of  which  appear  to  be  peculiar  to  the  London 
Clay ;  but  it  must  be  observed  that  very  few  crustacean  remains  have 
been  found  at  Bracklesham,  and  these  have  not  been  satisfactorily 
determined.  It  is  doubtful  whether  there  are  species  in  common. 
Mr.  R.  Jones  has  determined  9  species  of  Entomostraca  from  the  Lon- 
don Clay,  and  6  from  the  Bracklesham  Sands ;  2  species  are  common. 

Mr.  Darwin  mentions  only  one  species  of  Cirripedia  from  these 
Eocene  strata,  and  that  one  is  peculiar  to  the  London  Clay. 

The  Annelids  number  1 1  species,  of  which  two  only  are  in  common. 

The  Eocene  Echinodermata  have  been  thoroughly  examined  by 
Prof.  E.  Forbes,  and  it  seems  that  although  17  species  occur  in  the 
London  Clay,  it  is  doubtful  whether  any  one  speaes  passes  upwards. 
The  Bracklesham  Sands,  however,  contain  but  one  species. 

The  Corals,  as  now  very  fully  determined  by  Mr.  Lonsdale  and 
M.  Milne-Edwards,  give  an  equally  definite  result :  26  species  are 
described,  of  which  it  seems  that  not  one  is  common  to  the  London 
Clay  and  the  Bracklesham  Sands,  there  being  10  species  found  in  the 
former,  and  16  in  the  latter  deposit. 

The  Foraminifera  yet  require  further  examination :  23  species  are 
found  in  the  London  Clay,  and  8  in  the  Bracklesham  beos,  and  of 
these  it  is  doubtful  whether  any  one  is  in  common ;  but  the  great 
and  marked  feature  is  the  total  absence  of  Nummuhtes  in  the  former, 
and  their  presence  in  such  abundance  in  the  overlying  deposits  of  the 
Bracklesham  Sands. 

With  regard  to  the  Plants,  the  London  Clay  is  so  exceptional 
in  the  mineral  conditions  which  have  preserved  its  remarkable 
and  abundant  flora,  that  no  part  of  the  Bracklesham  series  offers 
a  fit  term  of  comparison,  and  we  cannot  therefore  take  into  con- 
sideration the  many  hundred  species  of  fruit  and  seed  remains 
which  are  peculiar  to  the  London  Clay.  Mr.  Dixon,  however,  in  his 
list  of  the  Bracklesham  fossils,  quotes  the  Lvcopodites  squamatu$  and 
Cucumitea  variabilis,  both  of  which  are  Sheppey  species,  whilst  his 
Pinites  Dixtmi  is  peculiar  to  Bracklesham.  These  3  species  consti- 
tute at  present  all  the  known  Bracklesham  flora. 

In  these  comparisons  some  allowance  must  necessarily  be  made  for 
dififerences  of  conditions  and  habitat,  but  the  equality  is  sufficientlj 
maintained  not  to  afifect  the  general  conclusions. 

The  lists  of  the  organic  remains  of  the  London  Clay  contained  in 
the  last  paper,  and  tfiit  of  the  Bracklesham  Sands  appended  to  this 
paper,  give  the  following  results'^. 

*  Ab  many  of  the  new  species  of  Molluscs,  although  undetcribed,  hayt  htm 
specifically  determined  by  Mr.  Edwards,  I  have  included  tb^n  in  tbe  nomben 
S;iTen  in  this  table,  and  which  are  therefore  so  much  in  excess  <tf  the  niuDbers  gifcn 
in  the  preceding  Usts.  No  additions  are  made  to  the  other  porttona  of  the  £raoa. 
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TabU  showing  the  distribution  and  number  of  species  in  the  London 
Clay  and  Bracklesham  Sands,  and  the  number  of  species  common 
to  these  two  deposits*. 


dam  of  the  Organie  Benuuna. 


Mammalia. 
Pachydennata 


"  AVBS. 

Valturids  and  Struthidsc  ? 

Halcvonids 

Ardelds? 


Croeodilia. 
Ophidia. . . 
Chelonia    . 


Reptilia. 


Pisces. 


Malacopteri  apodes 

'  aDdominales 

'  Pharyngognatbi  malacopterygii  . 
i acanthopterygii. 

Anacantbini  thoracici  

*  Acanthopteri 

)  Ganoidei    

I  Holocepbali 

Plagiostomi 


Number  of  ipeeiet. 


MOLLUSCA. 

Cephalopoda  dibranchiata  .... 

tetrabraochiata  . . 

Gasteropoda  opistbobranchiata 
pulmonifera. 


Lamellibrancl 

i 

,  Brachiopoda. 
.  Bryozoa 


rosobranchiata  . . 

kta  monomyaria 

dimyaria. . . . 


pro 
!bia1 


Articulata. 

I  Crustacea  entomostraca  . . 

malacostraca    . . 

Curripedia 

Annelida   


London 
Clay. 


2 

1 
I 
4 

2 

1 

28 

21 

1 

4 

5 

1 

5 

26 

11 

2 

28 

3 

7 

6 

1 

132 

14 

56 

2 

_4 

224 

9 
9 

1 
8 


Bracklesham 


0 
0 

J 

1 

2 

4 

7 

0 

1 
3 
0 
0 
2 
0 
4 
18 
28 

5 

3 
13 

0 

219 

19 

108 

1 
_4 
372 

6 
2? 
0 
_5 

Mi 


Common  to 
the  two  Mrie*. 


0 
0 
0 


0 
0 
2 


0 
0 
1 
0 
0 
1 
0 

1 

_7 

10 

1 

3 
3 
0 

34 
5 
9 
1 
0 

5S 

2 
? 
0 

4 


*  I  have  re-arranged  this  list  in  conformity  with  the  classificatioii  adopted  in 
the  last  edition  of  Mr.  Morris's  Catalogue,  which  has  appeared  since  this  paper  was 
read.— J.  P.,  Sept.  1854. 
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Table  {etmHmied). 


Clan  of  the  Offinic  BemaiiM. 


Number  of  epeciei. 


London 
CUy. 


Bnddeeham 


dietvoH 


ECHINODBRMATA, 

Crinoidea 

Ophiuroidea 

Asteroidea 

Echinoidea    

ZOOPHYTA. 

Zoantharia 

Alcyonaria 

FORAMINIFBRA. 

Stichostegia 

Helicostegia 

Enallostegia 

Agathistegia 

PLANTiB. 

Seepp.4l3&464   


5 

1 
6 

IL 

7 
3 
10 

13 
4 
4 

23 

106 


0 
0 
0 

16 

16 

0 
6 
0 
3 


0 
0 
0 
0 


0 
0 
0 

? 


Admittbg  certain  differences  of  condition,  it  is  still  evident  that 
there  is  a  wdl-marked  and  maintamed  distinction  between  the  organic 
remains  of  the  London  Clay  and  of  the  Bracklesham  Sands — a  di^inc- 
tion  which  has  become  more  apparent  as  the  fossils  haTC  become 
better  known.  This  fact  being  established  \Hth  regard  to  the  more 
important  marine  member  of  the  London  Tertiaries,  we  will  now  (u 
order  to  include  the  whole  series,  and  at  the  same  time  to  enable  ns 
to  embrace  a  wider  range  of  conditions  than  that  afforded  by  the 
London  Cla^  only)  take  the  entire  group  of  the  London  Tertiariee, 
which  will  ^ve  us  the  eestuarine,  freshwater,  and  terrestrial,  as  wdl 
as  the  marme  conditions  of  thatperiod,  and  briefly  consider  its  rela- 
tions, not  only  to  the  overlying  Tertiary  group,  but  generally  also  to 
the  underlying  Cretaceous  series. 

Taken  in  conjunction  with  the  Basement  bed  of  the  London  Claj, 
the  Woolwich  and  Reading  series,  and  the  Thanet  Sands,  the  orgamc 
remains  (the  plants  excepted)  of  the  London  Tertiariet  present  the 
following  total  number  of  species'*' : — 

*  Among  the  species  ranging  upwards  are  several  which  miss  the  Bracklediia 
Sands,  but  reappear  in  the  Barton  Clays :  thus  in  the  Molluscs  we  have  the  Pkih 
rotoma  eohn,  P.  comma,  Murex  Jrondonu,  CaneeOana  kamucnki,  Pmui  mitr- 
ruphUf  Natica  ngaretina,  CuUeUus  i^finit,  and  Sealariawtdoia;  in  the  Anndidi, 
the  Ditrupa  inenusata  and  Serpuia  crat$a ;  whilst  in  the  Echinodomata,  tbe 
OpMura  WethertlUi  and  Hemiatier  Branderianut  are  both  quoted  by  ProC  Fortwi, 
but  with  a  doubt,  from  the  neighbourhood  of  London  and  from  Barton:  iatfae 
Zoophytes,  the  Graphndaria  WeikerelUi  is  iht  only  one  mentioned  by  M.  Milas- 
Edwaids  as  occurring  at  Highgate  and  Barton. 


Digitized  by 


Google 


1854.]    PRESTWICHy  LONDON  CLAY  AND  BRACKLB8HAM  SANDS.  443 

Number  of      Species  ranging 
species.  upwards. 

Mammalia    G  0 

Aves 4  0 

Reptilia    23  2 

Pisces   84  10 

Mollusca 280  68 

Articulata 33  5 

Echinodennata 17  2? 

Zoophyta 10  1? 

Forammifera. 28  ? 

485  ^ 

§  2.  On  the  Amount  of  Relation  of  the  London  Tertiary  Strata  to 
the  Cretaceous  Series. 

In  Tiewing  the  London  Tertiaries  as  a  group,  and  comparing  them, 
as  usual,  directly  with  the  underlying  Chalk,  it  is  to  he  ohserved  that 
we  are  not  comparing  Hke  terms  of  the  two  periods.  That  a  great 
and  essential  difference  existed  hetween  these  periods  must  he  ad- 
mitted, hut  it  is  a  question  how  far  that  difference  is  widened  hy  the 
comparison  heing  instituted  hetween  the  deep  and  open  sea  deposits 
of  the  Chalk,  and  the  Uttoral,  shallow-sea,  and  fluviatile  deposits  of  the 
Tertiary  period,  instead  of  hetween  strata  deposited  under  Uke  condi- 
tions during  those  two  periods.  As  an  indication  of  how  these  dif- 
ferences tend  in  many  respects  to  lessen  in  force  when  we  have  an 
approach  to  more  equal  conditions,  may  be  instanced  the  Thanet 
Siuids  and  their  equivalent  in  Belgium — the  Lower  Landenian  system 
of  M.  Dumont.  In  these  beds  no  mammalian  remains  have  been 
found,  and,  with  the  exception  of  Calyptrcea,  Glycimeris,  and  Saxi' 
eavOf  the  other  genera,  amounting  to  twenty-one  in  number,  are  such 
as  lived  in  seas  of  Uttle  depth  during  and  before  the  Cretaceous 
period ;  the  species  it  is  true  are  different,  but  they  still — those  of 
the  Lower  Landenian  especially — ^present  k fades  so  closely  resembling 
that  of  analogous  groups  of  certain  lower  cretaceous  strata,  that 
some  eminent  palaeontologists  and  geologists  are  inclined  to  consider 
the  Belgian  beds  as  more  Cretaceous  than  Tertiary.  Where  more 
shallow-water  conditions  again  prevailed  during  the  later  Cretaceous 
periods,  as  at  the  time  of  the  deposition  of  the  Calcaire  jnsolitique, 
the  fauna  which  then  flourished  presents  forms  so  closely  resembling 
those  of  the  overlying  tertiary  strata,  that  the  opinions  of  some  of  the 
most  able  geologists  of  France  have  been,  and  still  are,  divided,  as  to 
which  of  the  two  periods  this  deposit  should  be  referred*.  I  mention 
these  facts,  not  as  attempting  to  ignore  the  value  of  the  distinction 
drawn  hetween  theCretaqeous  and  Tertiary  periods,  but  for  the  purpose 
of  suggesting  whether  that  distinction  is  so  extreme  as  we  have  con- 

*  The  shells  were  at  first  all  referred  to  tertiary  species.  A  closer  examination 
has  however  detected  speofic  differences,  although  it  is  apparent  that,  with  respect 
to  the  genera,  the  analogy  must  he  strong  to  have  given  rise  at  all  to  such  an 
opinion.  The  question  is  still  under  discussion. 


Digitized  by 


Google 


444  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.         [Juoe  7, 

sidered  it  in  this  part  of  Europe.  Admitting  the  infra-position  of  the 
London  Clay  to  the  Bracklesham  Sands  and  the  Calcaire  grosner^  we 
are  thereby  carried  back  to  another  and  equally  important  Terdarj 
period,  one  stage  older  than  the  group  formerly  placed  at  the  base 
of  the  Tertiaries ;  whilst  in  the  Thanet  Sands  we  have  a  further  reces- 
sion, for  only  nine  species  out  of  the  thirty-one  found  in  this  deposit 
range  up  into  the  London  Clay,  and,  as  before  mentioned,  the  general 
aspect  of  the  fauna  is  less  distinctly  tertiary*.  Not  only  so,  bat  Sir 
Charles  Lyell  mentions  the  occurrence  in  the  Lower  Landouan  of 
Orp-le-Grand  of  a  Cardiaster,  a  genus  hitherto  only  met  with  in  cre- 
taceous strata,  and  further  states  that  in  the  same  beds  at  Toonunr 
the  Oatrea  lateralis  occurs.  In  supporting  the  view  of  these  beds 
being  intermediate  between  the  Cretaceous  and  Tertiary,  Sir  Charles 
observes  that  no  Baculites,  Belemnites,  and  Ammonites  are  found 
in  them,  but  justly  suggests  that  the  same  m^  be  said  of  the  true 
cretaceous  strata  in  many  other  regions.  The  Fholadomya  KomnekH 
of  the  Thanet  Sands  can  hardly  be  distinguished  from  a  cretaceous 
species,  and  Mr.  Flower  has  recently  shown  me  a  specimen  of  the 
Ostrea  lateralis  from  those  beds  at  the  Reculvers,  apparently  iden- 
tical with  the  Exogyra  arnica  of  the  Gault  and  Chalk. 

At  the  same  time,  the  physical  changes  which  commenced  daring 
the  latter  part  of  the  Cretaceous  period  would  seem  to  have  been  con- 
tinuous with  those  which  introduced  the  Tertiary  epoch.  A  rise  of  a  por- 
tion of  the  sea-bed,  accompanied  by  the  destruction  of  a  portion  of  the 
already-formed  chalk,  and  the  wear  of  its  flints  into  pebbles,  preceded 
the  commencement  of  the  Maestricht  beds ;  and  a  very  analogous 
change,  but  rather  more  strongly  defined,  marks  the  commencement 
both  of  the  Thanet  Sands  and  of  the  Woolwich  and  Reading  series, 
each  successive  change  beine  marked,  not  by  a  total  change  in  litho- 
logical  structure,  but  rather  by  a  somewhat  gradual  diminution  in  the 
chalk-like  and  calcareous  character  of  the  strata,  and  by  a  successive 
increase  of  arenaceous  and  argillaceous  ingredients.  The  changes  in  this 
respect,  taking  each  stage  separately,  are  on  the  whole  of  a  like  orda, 
and  are  as  steps  in  the  same  direction,  llie  divisional  planes  between 
these  stages  are,  however,  abrupt,  and  indicate  more  or  less  consider- 
able alterations  in  the  sea  area  of  these  periods. 

The  adaptation  of  this  area  at  the  Thanet  Sands  period  to  the  ex- 
istence of  the  numerous  diallow-water  burrowing  Lamellibranchiates, 
whatever  the  duration  of  the  intervening  time,  would  necessarilj 
unfit  it  for  the  deeper  sea  Cephalopoda,  Brachiopoda,  and  other 
families  which  prevail  in  our  Cretaceous  series.  But  if  we  compare 
the  Panop<BiB,  Pholadomyay  and  other  associated  genera  of  the  former 
deposit  with  the  similar  groups  which  flourished  under  like  conditions 
at  an  early  date  of  the  Cretaceous  period,  then,  although  the  intemd 
is  infinitely  greater,  a  close  analogy  of  forms  becomes  apparent  f. 

*  It  may  be  a  question  hereafter,  when  the  fossils  of  the  Thanet  Sands  have 
been  more  thoroughly  investigated,  whether  these  strata  may  not  form  a  sepuate 
division  in  the  Tertiary  series,  bearing  probably  the  same  rehition  to  the  Wooiwicfa 
beds  and  Loudon  Clay  as  these  latter  do  to  the  Bracklesham  Sands. 

t  So  marked  in  some  instances  is  this  Ukeness,  that  of  the  two  specimens  of  the 
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We  have  therefore,  in  viewing  the  tertiarjr  strata  in  relation  to  the 
underlying  Chalk,  to  take  into  consideration  that  the  existence  of 
certain  classes  of  fossib  in  the  former  of  necessity  impUes  the  non- 
existence of  other  classes  found  in  the  latter  deposit ;  and  this,  even 
should  the  two  have  been  in  consecutive  and  uninterrupted  se- 
quence in  time.  To  estimate  exactly  the  value  of  the  differences  ex- 
isting between  these  strata,  we  should  consequently  look  to  those  por- 
tions of  them  where  the  terms  are  nearly  alike.  To  a  certain  extent 
this  is  practicable  in  the  instance  of  the  Maestricht  beds  and  the  Cat- 
caire  puditique,  but  we  are  not  yet  sufficiently  well  acquainted  with 
the  molluscs  of  the  latter  to  reason  positively  on  the  subject.  We  can 
however  analyse  the  character  of  the  fauna  of  the  Londbn  Tertiaries, 
and  see  how  far  any  resemblances  to  forms  which  flourished  during 
anyof  the  Cretaceous  periods  can  be  traced. 

The  somewhat  Cretaceous  fades  which  exists,  as  before  observed, 
in  the  Lower  Landenian  and  the  Thanet  Sands  fossils  is  to  be  recog- 
nised in  some  portion  of  the  fauna  of  the  London  Clay  itself.  Thus 
amongst  ^e  £k;hinodermata,  the  Hemiaster,  a  common  cretaceous 
genus,  has  three  species  in  the  London  Clay,  and  but  one  in  the 
Barton  Clav ;  whilst  the  prevalence  of  Crinoids,  amongst  which  is 
a  species  of  Bourguetierinus,  hitherto  considered  a  chalk  genus,  and 
three  species  of  Pentacrinus,  and  the  new  Cainocrinus  of  Forbes,  are 
features  more  resembling  those  prevailing  in  Mesozoic  than  those 
usual  in  tertiary  strata.  The  two  genera  of  Asterida  {Astropecten 
and  Oaniaster)  which  occur  in  the  London  Clay  are  common  in  the 
Cretaceous  strata,  the  Oolites,  and  Lias. 

The  four  genera  of  Crustacea  described  by  Prof.  M'Coy  are  all 
extinct ;  and  one  of  them,  the  Hoploparia,  of  which  two  species  are 
abundant,  is  a  well-known  form  common  in  some  of  the  Lower  Cre- 
taceous beds. 

The  Fishes  present  some  very  marked  characters,  one  of  which  is 
the  prevalen<;e  of  PyenodantUke.  Thb  extinct  family,  so  well  deve- 
loped in  the  Cretaceous  series,  has  also  ten  species  in  the  London 
Clay.  The  extinct  genus  Hypsodon  is  represented  by  two  species  in 
the  Chalk,  and  by  the  same  number  in  the  London  Clay,  above  which 
it  does  not  range.  The  Notidanus  is  another  common  chalk  genus 
which  is  often  found  in  the  London  Clay.  The  genus  Otodus,  of 
which  also  several  species  occur  in  the  Chalk,  is  a  very  common  form 
in  the  London  Clay.  This  genus,  however,  as  well  as  the  last,  ranges 
higher,  although  both  become  scarcer.  Altogether  the  eighty-three 
species  of  fishes  belong  to  twenty-three  families,  of  which  eleven 
existed  during  the  Cretaceous  period ;  several  of  the  genera  do  not 
extend  upward  beyond  the  London  Clay,  whilst  others  appear  in 
much  diminished  numbers.  The  cretaceous  affinities  of  some  of  the 
famiUes  of  fishes  found  at  Sheppey  were,  I  find,  made  the  subject  of 

Fantf  (Cyiherea)  waUt,  figured  in  the '  Mineral  Conchology/  one  is  from  the  Green- 
tand  01  Blackdown,  and  another  (as  probable)  from  the  Lower  Tertiary  sands  of  the 
neighbourhood  of  Fa?ersham.  It  would  seem  also  that  the  Phohdomya  KanmeJtH, 
which  is  now  considered  a  tertiary  species,  was,  I  am  informed  by  Mr.  Morris, 
originally  figured  with  the  inference  of  its  being  a  cretaceous  specimen. 
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remark  by  Agassiz  in  his  *  Poissons  Fossiles/  At  the  same  time, 
notwithstanding  the  presence  of  so  many  old  forms,  the  London 
Clay  shows,  in  another  portion  of  its  fish-remains,  a  close  analog  with 
the  ordinary  families  and  genera  existing  at  the  present  day — ^some 
in  warmer  climates,  but  a  not  inconsiderable  number  identical  with 
those  frequenting  the  existing  coasts'*'. 

The  Corals  of  the  London  Clay  and  of  the  Bracklesham  Sanda 
belong  chiefly  to  different  families ;  the  latter  are  closely  related  to  the 
forms  prevalent  in  the  Paris  Basin  ;  whilst  the  former,  with  a  certain 
amount  of  resemblance  to  some  of  these  species,  exhibit  marked  dif- 
ferences and  divergent  relations.  Of  the  TurhinolicUB  there  are 
four  genera  in  the  London  Clay,  three  of  which  belong  to  that 
section,  the  '*  Cyathifuje"  which  has  several  representatives  in  the 
Chalk  and  Gault  especially.  Of  the  section  TurbinoUna  there  are, 
on  the  contrary,  one  species  in  the  London  Clay  and  seven  in  the 
Bracklesham  Sands.  The  Eupsammid^e  furnish  also  four  genera ; 
the  species  which  occurs  in  the  London  Clay,  the  '*  StepkanophylUa 
discoides,*'  is  of  the  flat  lenticular  form  peculiar  to  the  Cretaceous 
section  of  this  g£pus.  The  other  three  genera  occur  in  the  Brackle- 
sham Sands.  The  Pennatulida  and  Qorffonida,  of  which  there  are 
three  species  in  the  London  Clay  and  one  in  the  Bracklesham  Sands, 
are  however  distioctly  Tertiary  famiUes. 

The  Mollusca  present  a  more  decided  tertiarj  fades,  but  still  even 
in  this  respect  the  Bracklesham  group  exhibits  features  more  marked 
than  the  London  Clay.  Amongst  the  Lamellihranchiata  of  the  latter 
there  are  but  few  genera  which  are  not  of  older  date,  26  out  of  the 
3 1  commencing  in  the  Cretaceous  or  OoUtic  series ;  in  the  Brackle- 
sham Sands  there  are  in  addition  to  these  4  more  Tertiary  and  15 
older  genera.  Amongst  the  Gasteropoda  there  is  a  far  larger  in- 
troduction of  new  genera ;  for  of  the  44  genera  in  the  London  Claj, 
16,  and  of  the  59  genera  in  the  Bracklesham  Sands,  27  make  their 
first  appearance  in  the  Tertiary  period.  The  common  occurrenoe  of 
Cephalopoda  is  a  feature  to  be  noticed. 

With  regard  to  the  distribution  of  the  species  in  the  tertiary  strata, 
if  we  take  the  56  species  of  the  lower  London  tertiaries,  in  addition 
to  the  224  species  of  the  London  Clay,  we  have  together  280  species, 
212  of  which  do  not  pass  into  the  overlying  strata.  Of  the  109 
genera  pecuHar  to  the  Bracklesham  Sands,  there  are  about  1 1  which 
do  not  descend  lower  in  the  English  series. 

It  is  doubtful  whether  there  are  any  extinct  genera  peculiar  to  the 

*  Although  the  abundance  of  fishes  ia  a  very  striking  feature  in  the  London 
Clay,  it  must  not  be  overlooked  that  these  strata  may  owe  much  of  their  supe- 
riority in  this  respect  to  their  very  favourable  mineral  conditions ;  for  in  the  more 
open,  non .concretionary,  and  coarser  arenaceous  sediment  of  the  Bracklesham 
beds  and  Calcaire  grassier,  the  fishes,  owing  to  their  perishable  character,  might 
have  been  removed  before  they  could  be  fixed  by  fossihfication ;  whereas  in  the 
fine  calcareo-argillaceous  sediment  of  the  London  Clay,  the  segregating  action 
of  the  carbonate  of  lime,  setting  in  as  soon  as  the  fish-remains  became  imbedded 
in  the  sediment  at  the  sea-bottom,  would  quickly  and  eflTectually  stop  the  progros 
of  decay,  by  enclosing  them  in  those  concretionary  masses  of  aigillaoeoos  lime* 
•*one  in  which  they  are  now  chiefly  found. 
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Loodon  Clay,  with  the  exception  possibly  of  the  Teredina,  which 
however  is  probably  only  a  subgenus  of  Teredo. 

Unlike  the  succeeding  Tertiary  period,  the  number  of  Mammalia 
in  the  London  Tertiaries  is  very  limited.  One  genus  {Macacua)  is  a 
form  now  existing  whilst  the  Hyracotherium  and  Coryphodon  are 
extinct  and  peculiar  to  the  London  Clay.  The  Lophiodon  is  a  eenus 
which,  scarce  in  this  period,  becomes  numerous  in  the  ovenying 
ffroup.  No  mammalian  remains  have  hitherto  been  found  in  the 
lowest  division  of  the  London  Tertiary  group, — the  Thanet  Sands. 

The  remains  of  birds  are  too  few  and  too  fragmentary  to  have  much 
specific  value ;  nor,  as  bones  of  birds  are  found  in  the  Wealden,  are 
they  of  importance  with  respect  to  their  presence  as  a  dass. 

The  laige  proportion  of  Reptiles  is  a  peculiar  feature;  they 
mostly  belong  to  famiUes  and  genera  which  have  a  prolonged  vertical 
range  from  the  Wealden  strata  upwards.  Although  the  peculiar  and 
characteristic  Cretaceous  eenera  are  absent,  the  preval)ence  neverthe- 
less of  ReptiHan  forms  and  the  scarcity  of  Mammals  are  not  without 
a  certain  significance. 

§  3.  General  Considerations, 

It  will  be  seen  from  the  foregoing  examination,  that  the  relationship 
of  the  London  Tertiaries  with  the  Bracklesham  Sands  is  maintained 
by  several  specific  identities,  and  is  therefore  one  comparatively  of  no 
distant  degree ;  still  the  generic  differences  of  the  fauna  which  are 
so  marked  in  the  tertiary  strata  of  the  age  of  the  Bracklesham  and 
associated  series,  as  compared  with  the  cretaceous  strata,  are  cer- 
tainly less  prominent  in  the  strata  of  the  London  Tertiary  group. 
Although  it  is  true  that  with  one  or  two  exceptions  there  are  no 
species  in  common  to  the  two  latter  series,  yet  the/acies  of  the  fauna 
often  presents  points  of  strong  resemblance,  and  a  not  inconsider- 
able number  of  genera  are  common  to  the  two  periods*.  It  is  to  be 
observed  also,  that  in  the  London  Tertiaries  not  a  single  recent 
species  is  found  with  the  exception  of  the  Terebratulina  sMatula^ 
which  species  however  is  common  also  to  the  Cretaceous  period. 

Taking  aU  these  facts  into  consideration,  I  hold  the  distinction 
between  the  London  Clay  and  the  Bracklesham  Sands  not  only  to 
be  sufficiently  evident  upon  physical  grounds,  but  to  be  equally  well 
based  on  the  independent  cnaracter,  in  the  main,  of  their  organic 
remains.  All  the  phaenomena  point  to  an  original  difference  in  the 
direction  of  the  seas  and  position  of  the  land.  The  London  Tertiary 
group  seems  to  have  resulted  in  that  order  of  changes,  which,  com- 
mencing with  the  elevation  of  a  portion  of  the  Chalk  area  at  the  end 

*  We  know  how  difficult  the  separation  of  the  cretaceous  and  tertiary  depotits 
ia  in  some  parts  of  Southern  Europe,  where  the  strata  of  these  two  periods  present 
aimilar  Uthological  characters,  and  exhihit  like  conditions  of  life.  Might  we  not 
therefore  expect  to  find  similar  or  even  greater  resemblances  in  these  possibly 
t^  lower  strata  of  the  London  Tertiaries,  were  the  mineral  character  assimilative 
instead  of  divergent,  and  were  the  terms  of  comparison  alike,  instead  of  being 
in  the  strong  contrast  in  which  they  occur  in  this  more  northern  part  of  Europe  ? 
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of  the  Maestricbt  period,  was  followed  by  subsequent  dqpr 
whicb  led  to  tbe  transgressiTe  accumulation  of  tbe  Lower  Tertiaries 
from  nortb  to  soutb.  Tbis  elevation,  I  believe,  laid  diy  tbe  Cbalk 
in  some  direction  soutbward,  and  would  tberefore  induce  one  to  look 
to  tbe  nortb  for  a  more  uninterrupted  succession  of  tbe  Upper  Creta- 
ceous and  Lower  Tertiary  strata.  I  am  now  speaking  wim  lefmnoe 
only  to  tbat  part  of  tbe  nortb  oi  Europe  over  wmcb  tbe  Pferis,  Belgian, 
and  Englisb  Tertiaries  extend.  I  bave  before  sbown  tbe  probalnlity 
of  tbe  existence  of  dry  land  to  tbe  soutb  and  an  open  sea  to  tbe  north, 
during  tbe  Tbanet  Sands  period,  and  of  more  insular  conditions  during 
tbe  Woolwicb  and  Reading  series  period ;  and  now  witb  respect  to  the 
London  Clay,  tbe  evidence  tends  in  tbe  same  direction.  With  one 
exception,  wbicb  proved  unimportant,  I  bave  never  found  any 
transported  rock-fragment  in  tbe  London  Clay  tbat  would  enable  me 
to  infer  tbe  direction  of  tbe  land  and  its  main  rivers  during  tbat 
period.  If,  however,  we  take  tbe  evidence  afibrded  by  the  organic 
remains,  we  shall  obtain  some  peculiar  results.  If,  for  example:,  we 
look  to  tbe  Molluscs  and  tbe  Plants,  we  at  once  perceive  a  want  of 
accordance  between  them ;  we  find  in  tbe  former  an  absence  of  tbat 
group  of  markedly  tropical  forms  wbicb  seem  to  bave  flourished  in 
the  later  sea  of  tbe  Bracklesbam  period.  Tbe  prevailing  graiera 
are,  on  tbe  contrary,  mostly  such  as  could  live  in  colder  regions. 
Taken  altogether,  it  rather  indicates  a  moderate  than  a  tropical 
climate,  and  yet  tbe  flora  is,  as  fiur  as  we  can  judge,  oertainhr 
tropical  in  its  a£Snities.  It  is  interesting  to  observe  at  tbis  early 
Tertiary  period  tbe  same  evidence  of  those  climatal  conditions 
dependent  upon  latitude  wbicb  become  more  strongly  marked  as  we 
approach  our  own  period ;  for  these  differences  in  tbe  fauna  and 
flora  arise,  I  believe,  from  tbe  circumstance  tbat  tbe  London  Clay  was 
deposited  in  a  sea  open  to  tbe  nortb,  and  tberefore  witb  an  in-set  of 
cold  currents  determming  tbe  existence  of  a  group  of  molluscs,  sndi 
as  we  might  expect  to  find  inhabiting  waters  of  moderate  tempera- 
ture ;  whilst,  judging  from  the  quantity  and  extent  ofdetrituM^  there 
probably  existed  to  the  soutb  an  extensive  condnental  area,  throng 
whicb  flowed  a  lai^  river  wbicb  brought  down  the  sediment 
forming  tbe  London  clay,  and  all  tbe  marvellous  remains  of  plants 
and  of  land  and  freshwater  remains  entombed  in  it — remains  wludi 
seem  to  point  to  a  vegetation  of  hot  or  even  tropical  climates,  and  to 
a  laud  fauna  in  keeping  witb  such  a  temperature.  If  tbis  were  tbe 
case,  then  we  should  nave  during  the  London-Clay  period  a  conti- 
nental area  stretching  southward  of  England  and  the  north  of 
France,  and  a  sea  spreading  to  tbe  northward  of  this  land ;  while 
the  subsequent  accumulation  of  tbe  Bracklesbam  Sands  took  place 
after  tbe  submergence  of  that  land  and  tbe  immigration  of  a  marine 
fauna  from  more  southern  seas,  into  which  some  few  only  of  the 
forms  of  tbe  older  sea  were  continued, — geographical  conditions  wfaidi 
I  hope,  in  a  subsequent  paper,  to  show  to  be  in  perfect  accordance 
with  the  limited  range  southward  of  the  London  Clay  and  tbe 
correlation  of  tbe  Bracklesbam  Sands  witb  tbe  wide-spread  depositi 
'he  Calcaire  groaeier  and  other  associated  beds  of  tbe  Paris  Ter- 
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We  tfaiifl  see  that»  while  the  London  Tertiaries  fonn  a  group 
distinctly  separable  ik)m  the  Bracklesham  series  (which  belongs  to 
the  Pans  group),  with  which  however  it  possesses  a  certain  com- 
munity of  species  and  a  generally  analo^us/acte^,  although  in  many 
of  the  classes  of  organic  remains  there  is  nothing,  or  almost  nothing 
in  common,  yet  the  former  maintain  almost  unimpaired  their 
Tertiary  attributes.  Still  the  one  or  two  cretaceous  species  which 
have  been  found  in  the  London  Tertiaries,  combined  with  the  more 
antique  cast  of  some  of  the  fishes,  corals,  and  echinoderms,  and  a  cer- 
tain cretaceous /aae«  in  some  of  the  molluscs,  may  form  a  link  con- 
necting them  distantly  with  the  Cretaceous  period.  But  many  inter- 
mediate links  are  yet  wanting,  probably  of  the  Tertiaries,  and 
certainly  of  the  Cretaceous  series ;  for  it  must  not  be  forgotten  that 
in  England  the  Tertiaries  repose  upon  the  Middle  Chalky  to  which 
belongs  the  chalk  with  flints  of  Gravesend  and  the  neighbourhood, 
usually  termed  the  Upper  Chalk,  but  which  I  have  elsewhere*  shown 
to  be  the  middle  beds  of  that  deposit.  To  have  just  terms  of 
comparison,  we  need  a  Cretaceous  series  with  a  varied  marine 
eestuarine  and  fluviatile  fauna,  such  as  flourished  during  the  succes- 
sive Tertiary  periodsf.  We  have  already  in  the  Maestricht  beds 
a  change  in  tne  fauna — a  dying-out  of  many  old  forms,  and  the 
appearance  of  many  genera  common  in  the  Tertiary  series,  and  I 
look  forwa^  with  much  interest  to  the  important  addition  likely  to 
be  made  before  long  by  M.  H^rt  to  our  knowledge  of  the  molluscs  of 
the  Caleaire  pisolitique,  which  beds  carry  us  probably  still  higher  in 
the  series.  Still  in  these  we  Want  the  mud-banks,  the  river-courses, 
and  the  brackish  water  estuaries  of  the  Tertiary  seas. 

In  some  respects  the  London  Tertiaries,  taken  as  a  whole,  are  how- 
ever even  more  tertiary  (meaning  by  that,  that  they  present,  in  many 
of  the  generic  forms,  a  closer  approach  to  those  now  existing  in  our 
climate)  than  the  Bracklesham  Sands ;  for,  with  a  greater  per-centage 
of  older  forms,  they  nevertheless  contain  a  large,  and  probably  a  larger, 
proportion  of  forms  such  as  now  flourish  on  the  land  and  in  the  sea  in 
these  latitudes.  The  greater  number  of  the  common  fishes  freouenting 
our  seas  have  their  types  at  this  early  Tertiary  period, — the  Reading 
plants  are  such  as  our  existing  woods  might  furnish  the  analogues  of, — 
and  the  Molluscs,  the  Lamelnbranchiates  especially,  have  many  repre- 
sentative forms  in  our  present  seas.  In  considering  all  these  singular 
vicissitudes,  and  in  contemplating  the  extent  to  which  certain  more 
northern  influences  operated  in  giving  to  a  large  portion  of  the  fauna 
of  the  London  Tertianes  an  aspect  much  more  closely  resembling  that 
of  the  present  day  than  is  found  to  exist  in  many  more  recent 
deposits,  the  question  suggests  itself — of  how  far  that  law,  enunciated 
by  Prof.E.  Forbes,  and  according  to  which  the  distribution  of  Molluscs 
in  depths  of  southern  seas  is  eouivalent  to  their  appearance  at  lesser 
depths  or  at  the  surface  in  parallels  of  latitude  of  more  northern  seas, 

*  "The  Water-bearing  Strata  of  London,"  p.  139. 

t  Can  those  singnlar  and  anomalous  beds  beneath  all  the  known  Tertiaries  at 
Mona,  and  which  contain  freshwater  shells,  belong  to  anj  such  Upper  Cretaceous 
period? 
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may  by  analogy  be  applied  geologically  in  accounting  for  any  abnomial 
condition  in  tbe  vertical  succession  IA  organic  remains  sndi  as  here 
occurs  7  Can  it  be  that  such  a  group  of  generic  forms,  alHed  to  and 
closely  resembling  those  found  in  the  same  zoological  province  at  the 
present  daj,  had  a  yet  older  existence  in  more  northern  prorinoes ; — 
that  genenc  forms  of  temperate  regions  have  travelled  from  the  north, 
and  have  been  gradually  spread  further  south,  giving,  whoi  they 
encroached  upon  the  more  southern  forms,  a  more  recent  aspect  to 
the  faunas  of  such  various  geological  periods  than  prevailed  in  those 
of  the  same  localities  when  changes  in  the  distribution  of  land  and 
water  brought  back  for  a  time  the  southern  forms  which  had  been 
temporarily  displaced? — a  view  almost  unavoidably  suggested  by  the 
fauna  of  the  London  Tertiaries  as  compared  with  that  of  the  Brackle- 
sham  and  associated  beds,  and  confirmed  by  the  independent  phyncal 
evidence  which  we  have  of  seas  open  to  the  north  during  the  former, 
and  to  the  south  during  the  latter  period. 


Appendix. 

lA9t  of  the  Fosnl  Shells  from  the  Eocene  strata  of  Braeklesham 

Bay,  Sussex.    By  F.  E.  Edwards,  Esq. 

(The  ipedet  in  italics  occur  also  in  the  London  Claj.) 

MOLLTJSCA. 

Cephahpoda,  Bulla  attemuata.  Sow. 

Jtwria  ziczac,  Sow.  Defrindi,  Deuk, 

Belopten  bdemnitoidea,  Biaim.  Edwirdiii,  Sow, 

BelosepU  BUinvilUi,  Desk,  elliptica.  Sow, 

brempina.  Sow.  expinsm,  Sow. 

Cuvieri,  Deth.  extcnsa,  Sow. 

iepioidea,  Bltiny.  lanceolata,  Sow. 

NauHluM  centraHt,  Sow.  Sowerbyi,  Njfsi. 

imperialit,  Sow.  unipUcata,  Sow. 

Canoellaria  cottulata,  Lsm. 

Chuteropoda.  evulia.  Brand. 

jfetaon  erenatnt,  Sow.  quadrata.  Sow. 

iimulatMt,  Brand.  striatulata.  Desk. 

lulcatus,  Lam.  Caasidaria  ambigua,  Bramd. 

,  n.  sp.  1.  coronata,  Detk. 

Adeorbis  planorbictdaris,  Deth.  nodota.  Brand. 

Ampullina  depressa,  Sow.  *— *  n.  sp. 

pachycheila,  Sow.  Ceritbiam  angolatom,  Brand, 

»—  pahUa^  Lam.  calcitrapoides,  Lawu 

Andllaria  bncdnoides,  Lam.  cancellatum,  Sow. 

canalifera,  Lam.  ? eomemmwm,  Charlesw. 

— ^  fusiformis,  Sow.  -^—  Cordieri,  Deek. 

obtusa,  Sow.  comncopiae,  Sow. 

Jporrhaii  SowerbH^  Mant.  cristatum,  De$K 

Bifrontia  bifrons,  Lam.  echidnoides.  Lam. 

disjuncta,  Deek.  elegans,  Detk. 

Laudinensis,  Detk.  giganteiun.  Lam. 

marginata,  Detk.  incomptnm,  Sow. 

Borsonia    biplicata  (Fotetoterta),  margaritaceum,  Brom^fm. 

Sowt  ^— ~  marginatum,  Sow. 

Bucdnum  stromboides,  Lam.  ,    muricoides,  Lam. 
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Cerithiam  mntabile,  Lam. 

papale,  2>etA. 

semicoronataiD,  Lam. 

aemigrannloium.  Lam, 

torrU  ?,  De$h, 

nninilcitimi,  Lam, 

yariabiie,  Deth, 

,  ip.  new  or  not  ident.  6. 

Conus  corculiim,  Sow, 

deperditus,  Lam, 

diYeraifonnU,  DetA. 

pyrifonnis,  Sow, 

Tdatiu,  Sow, 

C3rpnea  Bowerbanku,  Sow, 

globDlaris,  Ediw, 

infUta,  Lam, 

taberculosa,  DetA. 

Jkq^hneUajwMta{Bueemum)t  Sow. 
DdphinalA  Warnii,  Deth. 
^Demialmm  acuticoita,  Desh. 

cottatnm,  Sow, 

—-^  ebtumeum,  Lam, 
•—  mtentt  Sow. 
Emarginala  obtasa,  Sow. 
EuUma  tubulaia},  Mont. 
Fasciolaria  onipUcata,  Lam, 
Fissurella  Edwardsii,  Sow. 
Fosut  acnminatus,  ^19. 

hMu$f  Brand. 

earmeUa,  Sow. 

errans,  Brand, 

Gothicotf  D€9h, 

incnltuSy  Sow, 

Ueviosculus,  Sow. 

longeTiis,  Lam, 

Noae,  Lam, 

parrbrostram,  Sow. 

porreeiu8,  Brand. 

pyroSy  Brand, 

regularis,  Sow. 

mgotos,  Lam, 

scalaris,  Lam. 

undotuif  Sow. 

onicarinatus,  Deth, 

,  sp.  new  or  not  ident.  3. 

Globulus  ambulacnim,  Sow. 

conoideus,  Sow, 

hybridus,  Lam, 

labeUahUf  Lam. 

pondero«u8,  De$h, 

Bcalarifonnis,  Dt9h, 

Willcmcttu,  Desh, 

Hipponyx  comucopis,  Dffr, 
Iflfindibuhtm  troch^fiarmef  Sow. 
Littorma  nUeaiat  POk. 
MargmeUa  b^idopUeaia,  Charlesw. 

ebnmea,  Lam, 

OTulata,  Lam. 

Melania  cottellata,  Lam. 

marginata,  Lam. 

,  n.  sp.  1. 


Mitra  labratula,  Lam. 

? parva,  Sow. 

porrecta,  Edw, 

Murex  asper,  Brand. 

mmaXf  Brand. 

Natica  epiglottina,  Lam, 

Hantoniensiit  Sow. 

lineolata,  Deth. 

obovata,  Sow, 

similis,  Sow, 

sphaerica,  Desh. 

turgida,  Sow, 

Nerita  tricarhiata,  Lam, 

Niso  terebellatus,  Desh. 

Odostomia,  n.  sp.  2. 

Olifa,  n.  sp. 

Orbis  patellatos,  Lam. 

Parmophorus  ?  elongatus,  Lam. 

Patella  striata,  Sow. 

,  n.  sp.  I. 

Phoms  agglminans,  Lam. 

extensus,  Sow. 

,  n.  sp.  1. 

Pileopsis  squamarfbrmiSf  Lam. 
Planaria?,  n.sp.  I. 
Pleurotoma  acutangulosa,  Desh, 

amphiconus,  Sow. 

attenuata,  Sow, 

conricosta,  Sow, 

dentata,  Lam. 

exorta,  Brand. 

gentiUs,  Sow, 

granulata,  Lam. 

inarata,  Sow. 

inflexa,  Lmn, 

obscurata,  Sow. 

plebeia,  Sow. 

? prisca.  Brand. 

transYersaria,  Lam. 

,  sp.  new  or  not  ident.  8. 

Pseudoliva  obtasa,  Desh. 

ovalis,  Sow. 

semieostata,  Desh. 

Pyrula  laevigata,  Lam. 

nexilis,  Lam, 

-^—  iricosiaia,  Desh. 

Ringicula  ringens,  Lam. 

Rissoa. 

Bosteltaria  outlay  Brand. 

arcuata,  Sow. 

kunda,  Sow. 

Rotella  minuta,  Sow, 
Scalaria  acuta,  Sow, 

intemipta,  Tar.,  Sow. 

reiieulatat  Brand. 

semieostata,  Sow. 

spirata,  NysL 

tenuilameUa,  Desh. 

,  n.sp.  1. 

Siffaretus  eanaUculahtSt  Sow. 
Skenea. 
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Solarkm  etmaUeultUum,  Lam. 

patuham.  Lam. 

plicatum,  Lam. 

pulchrum,  Sow. 

8pectabile,  Sow. 

spiratam,  Lam. 

trochiforme,  DmA. 

,  n.  tp.  2. 

Strepsidura  armata.  Sow. 

targida.  Brand. 

Terebellum  fusiforme,  Lam. 

Triton  argutua,  Brand. 

expansui,  Sow. 

Trochus,  n.  sp. 

Turbo  pUcatut,  Detk. 

Turritella  abbreriata,  DtMh. 

bicincta,  Sow. 

carinifera,  Detk. 

contracUt  Sow. 

£uciata,  Z.«m. 

hnbrieaiariat  Lam. 

intermedia,  Deik. 

marginata.  Sow. 

multitnlcata.  Lam. 

oexilis,  Sow. 

sulcata,  Lam. 

sulcifera,  De9k. 

terebellata,  Lam. 

Voluta  angusta,  D€$h. 
? athleta,  Brand. 

Branderi,  Dtth. 

calva.  Sow. 

cithara,  Lam. 

, crenulata.  Lam, 

borrida,  Edw. 

humerosa,  Edw. 

maga,  Edw. 

— -  muricina,  Zom. 

nodotat  Sow. 

recticostai  Sow. 

Selseieusia,  Edw. 

Solandri,  yar.,  Edw. 

spinosa,  Lam. 

uniplicata,  Sow. 

LamelHdranchiaia . 
Jnomia  Uneaia,  Sow. 
Area  Branded,  Sow. 

duplicata,  Sow. 

ioterrupta,  Lam. 

,  n.  8p.  1. 

Avicula  media,  Sow. 
Cardilia  Isviuscula,  Sow. 
Cardita  acuticosta,  Lam. 

elegans,  Lam. 

mitis  ?,  Lam. 

planicosta,  Lam. 

,  n.  sp.  2. 

Cardium  altematum,  Sow. 

hippopeum,  Detk. 

ordinatum.  Sow. 


Cardium  poniloaum,  Ltm, 

semigranolatum  ?,  Sow. 

,  n.  ap.  1. 

Chaina  calcarata.  Lam. 

gigas,  De$h. 

Clavagella  coronata,  Dtak. 
Corbula  cottau,  Sow. 

Gallica,  Lam. 

globota,  Sow. 

longiroatria,  De^k. 

piium,  Sow. 

plicata.  Sow. 

rugosa.  Lam. 

striata,  Lam. 

CrassateUa  compressa,  Lam. 

plicata.  Sow. 

roatrata.  Lam. 

,  n.  8p.  2. 

Cypricardia  carinata,  Deak. 

oblonga,  Dmk. 

pectimfera.  Sow. 

Cyrena,  n.  ap. 
Cythenea  elenns.  Lam. 

ludda,  Sow. 

nitidula.  Lam. 

obliqna,  Deab. 

striatula,  Dmk. 

? auberycinoidei,  Deah. 

sulcataria,  Deak. 

trigonola,  Deek. 

,  n.  ap.  2. 

Diplodonta  dilatata.  Sow. 
Gastrochcna  coralUum,  Sow. 
GoodhaUia  ?  granukMa,  Edw. 
Keliia  ?  compreasa,  Edw. 
Lima  expansa.  Sow. 
Limopait  granulatut.  Lam. 
Lithodomus  Deahayeaii,  Sow. 
Lucina  immena,  Skfw. 

mitia.  Sow. 

aerrata.  Sow. 

,  n.  8p.  9. 

Mactra  depressa,  Deak. 

filoaa,  Edw. 

aemiaulcata.  Lam, 

Modioia  eleganM,  Sow. 
Neiera  argentea.  Lam. 

,  n.  ap.  2. 

Nucula  biaulcata,  Sow. 

minima^  Sow. 

OYata  ?,  Deek. 

serrata,  Sow. 

thnitia,  Sow. 

etriata.  Lam. 

Ostrea  dorsata,  Deuk. 

elegans,  Deak. 

- —  elepbantopus,  Sow. 

flabellula.  Lam. 

inflata.  Sow. 

longirostris,  Lam. 

picta,  Sow. 
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Ottmradiosfty  Deth, 

tenerot  Sew, 

Panopaea  oorrngata,  Sew. 
Peetm  eomeug,  Sow. 

plebeins.  Lam, 

40.radiatiu,  Sow. 

reconditus,  Sow. 

squamula,  Xofii. 

30.radiatiu,  Sow. 

,  n.  sp.  1. 

PectuDculus  globosus.  Sow. 

pnlYinatus,  Lam, 

Pvma  margarUaeta^  Lam. 
Piammobia  compressa,  Sow. 
Sangainolaria  HoUowaysii,  Sow. 
Solen  Dixoni,  Sow. 

' obliquus,  Sow. 

▼agina,  ?  Lam, 

Solenocurtos  PariueDsii » Dtth. 
SpondyloB  rarUpina,  Deth, 
Sfndotntjfa  oplerukns,  Sow. 


Tellina  canaliculata,  Eiw, 

condnna,  Edw, 

dis-stria,  Edw. 

donadalis,  Lam. 

filosa,  Edw. 

lamelloML,  Edw. 

lunulata,  Deih, 

obovata,  Edw. 

plagia^  Edw. 

refleza,  Edw. 

rhomboidalis,  Edw. 

scalaroides,  Lam. 

speciosa,  Edw. 

tenuistriata,  De»h, 

tcxtilU,  Edw. 

tnmescens,  Edw. 

Teredo  anienauia,  Sow. 
Tbracia  sulcata,  Sow. 

BracMopoda. 
?  TerebratuHna  siriatula,  Sow. 


^Serptda/htgeUifbrmit,  Sow. 
• hqftagonoj  Sow. 


Annelida. 


Serpula  ornata,  Sow, 
n.  tp.  2. 


To  thifl  list  of  the  shells  hy  Mr.  Edwards  I  now  add  lists  of  the 
other  oi^anic  remains,  which,  with  the  exception  of  the  Fishes,  had 
iH>t  been  sufficiently  studied  to  admit  of  special  enumeration  at  the 
^e  my  former  papers  on  the  London  Clay  and  the  Bagshot  Sands 
were  published*. 

Mammalia. 
Lophiodon  minimiu,  Cuo. 


CMme  eonvexa,  Owen  ? 

Umgicept,  Owen  ? 

trigoniceps,  Owen. 

GtfialU  Dixoni,  Owen. 

'fitobatU  conyexus,  Dix. 

irregtdariif  Ag. 

■  maiiginalis,  Dix. 

rectus,  Dix. 

• tubarcuatutt  Ag. 

• subconvexus,  Dix. 

Careharodon  anfftutidewi  Ag. 
CcehrhynehuM  reeiut,  Ag. 

sinuatus,  Jg. 

Edapbodon  Bucklandi,  /1g. 


Reptilia. 


Palsophis  porcatuB,  Owen. 

typhceus,  Owen, 

Trionyx,  sp. 


Pisces. 


Edaphodon  eurygnatbus,  Jg. 

leptognatbns,  Jg. 

Slasmodut  Hunteri,  Owen. 
Galeocerdo  latidens,  Jg. 
Lanma  elegant  f  Ag. 
Myliobatis  contractus,  Dix. 

Dixoni,  Ag. 

Edwardsu,  Dix. 

irregularis,  Dix. 

8iriafu9,  Ag. ;  »p.  Dix.f 


*  These  I  bave  taken  cbiefly  from  the  list  given  by  the  late  Mr.  Dixon  in  bis 
'  Geology  of  Sussex,*  and  from  the  publications  of  the  Palseontographical  Society 
^ore  referred  to.  I  am  indebted  to  Mr.  Kupert  Jones  for  the  list  of  Ento- 
»no»traca. 

i  Mr.  Dixon  figures  this  specimen  as  M.  Toliapicus,  but  he  states  tbat  it  differs 
from  Agassiz'  species  in  being  punctated  instead  of  striated  or  plicated.  I  hesitate, 
^refore,  to  admit  this  identification. 
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Naisia  apicalii.  MBui,  Platylemus  Colei,  Dir, 

Otodus  lanceolatut,  Jg,  Priitis  cootortoa,  Dix. 

odiiquutt  Ag.  Silurus  Egertoni,  Dix. 

Ptriodm  Kmrnfii^  Ag.  Sphynmodoi  gracilis,  Dix, 

Bryozoa. 

Cellepora  ?  petiolot.  Lorn,  Idmonea  coronopos,  D^.  ? 

Etchara  Brougniarti,  M.-Edw,  ?  *LuDulites  aroeolatas,  Lanur. 

Crustacea. 

Cythere  (Cytherdla)  Munsteri,  Rrnm,  Cythere  (Cjthereis)  s^iatopunctata, 

rCfthereit)  comuta,  Rcnm,  Rmm. 

-^  ( )  horreacens,  B(ug,  ♦— —  ( )  plicata,  3itm$t. 

( )  Wchenopora,  Botq.  Macrura.  2  or  3  species  ttndet.(0«t»). 

ECHINODERMATA.  « 

Echinopsis  Edwardsii,  Fbrb, 

ZOOPHYTA. 

Astroccnia  palchella,  M.^Edw,  Pontes  ?  panicea,  De  J3J^m». 
Balanophyllia  desmophyllum,Af.-iS(lii7.      Siderasinea  Websteri,  Bowerk.  {Jttrmt 
Dendrophyllia  ?  sp.,  Ltmi.  AmeHama^  Defr.  ?) 

Diphelia  papillosa,  M.^Edw.  Stereopsammia  hamilis,  M.^Edm. 

Oculina  cooferta,  M.-Edw,  Stylophora  emardata,  Lam. 

?  dendropbylloides,  UmM.  monticalaria,  Sehw. 

raristella,  D^.  TurbiooUa  Dixoni,  M.-Edw. 

Paracyathus  crassus,  M.-Edw.  sulcata,  Lam, 

FORAMINIFERA. 

Alveolioa  dongata,  D'Orb.  ?  (Duon).  Biloculina,  sp. 

fusifonnis,  Sow.  Quinqaelocolina  Haaerina,  UOrh. 

Nmnmolites  Uevigatus,  Lam.  Rotalia  obscora,  Sow. 

scaber,  Lam.  Trilocalina  cor-anguiniun.  Lam, 

yariolarius,  Lam.  {N.  radiatua, 

Sow.  in  Dixon). 

PLANTiB. 

Cueumiiet  variabiUt,  Bowerb.  Pinites  Dixoni,  Bowerb, 

Lyeopoditat  aguamatua,  Brong. 

*  tliese  species  occor  in  the  Lower  Tertiary  Sands. 


June  21.  1854. 

The  following  communications  were  read : — 

1.  On  the  Correlation  of  ^Ae  Lower  Tertiaries  of  England 
with  those  of  Ykavce  and  Beloiuii.  By  Joseph  Prestwich, 
Esq.,  Jun.,  F.R.S»,  F.G.S. 

[Abstract.] 

[The  publication  of  this  paper  is  postponed.] 

In  this  paper  Mr.  Prestwich  treated  of  those  Tertiary  beds  which, 

commencing  immediately  above  the  Chalk,  are  in  England  limited 

superiorly  by  the  Bracklesham  Sands ;  in  France,  by  the  dUeam 
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gro99ieri  And  in  Belgium,  by  the  Systhne  Bruxellien  of  M.  Dumont; 
and  lie  endeayoured  to  show  the  exact  correlation  of  the  several  divi- 
sions of  these  lower  tertiaries,  and  claimed  for  the  "  London  Ter- 
tiaries,"  as  a  gronp,  a  distinct  and  separate  position  beneath  that  of 
the  Paris  group,  of  which  latter  the  Calcaire  gro9sier  may  be  taken 
as  the  centre  and  type.  The  chief  points  of  importance  are — ^that  the 
Lower  Bagshots  are  the  equivalents  of  the  lAts  coquilliers ;  and  that 
the  well-known  Sable  de  Bracheux^  with  its  marine  fossils,  corre- 
sponds with  the  lower  part  of  the  Woolwich  series. 

The  author  first  pomted  out  that  the  known  equivalents  among 
the  Tertiary  beds  in  question  are — 

I .  Calcaire  erossier,  France  =  Bracklesham  Sands,  England  = 
Syst^e  Bruxeflien,  Belgium. 
\      2.  Lits  coquilliers,  France  =  Syst.  Tpresien  sup6rieur,  Belgium. 
(The  zone  of  Nummulites  planulatuSj) 

3.  Lignites  of  the  Soissonnais  =s  Fluviatile  beds  of  Woolwich  and 
Lewisham. 

Mr.  Prestwich  then  described  in  detail  the  grouping  of  the  tertiary 
strata  in  France,  Belgium,  and  England  respectively;  and,  having 
pointed  out  the  local  di£ferences  and  peculiarities  exhibited  by  these 
deposits,  he  entered  upon  a  detailea  comparison  of  the  different 
divisions  of  the  tertiaries  of  the  several  distncts. 

Beginning  with  the  lowest  tertiaries,  Mr.  Prestwich  dwelt  upon  the 
correlation  of  the  Thanet  Sands  of  the  South-east  of  England  with 
the  Lower  Landenian  of  Belgium,  and  showed  that  this  series  is 
wanting  in  the  Paris  Basin.  The  Woolwich  and  Reading  series  of 
England  is  the  Upper  Landenian  of  M.  Dumont  in  Belgium ;  and 
its  lower,  middle,  and  upper  divisions  are,  according  to  the  author, 
the  equivalents,  respectively,  of  the  Glauconie  infirieure  et  Sables 
m/Meurs,  lignites  et  argiles  plastiques,  and  the  grh  et  pou- 
dingues  of  the  Soissonnais ;  whilst  at  Paris  the  middle  division  only, 
Uie  argUe  plastique,  is  represented,  and  lies  immediately  on  the 
Chalk. 

The  series  next  in  ascending  order  is  the  London  Clay,  which 
Mr.  Prestwich  regards  as  a  clearly  defined  group,  with  well-marked 
testaceous  types.  This,  in  Belgium,  forms  the  Lower  Ypresian  of 
M.  Dumont ;  and  has  recently  been  found  by  the  author  near  Dieppe, 
but  is  wanting  in  the  Paris  and  Soissonnais  districts.  In  fact,  the 
London  Clay  dies  out  southward  towards  Lille,  thus  indicating  the 
limits  of  this  old  sea  on  the  shore  of  a  southern  continent. 

This  area  having  been  subsequently  depressed,  the  whole  region 
was  occupied  by  the  sea  in  which  the  Bagshot  series  was  deposited. 
The  lower  portion  of  this  group  is  represented — by  the  sands  below 
the  Bracklesham  beds  in  Hants, — by  the  Lower  Ba^hots  of  the 
London  district, — the  Upper  Tpresian  and  the  Panisilian  combined, 
in  Belgium, — and  by  the  Lits  coquilliers  (which  the  author  here 
defined),  in  the  Soissonnais  district.  The  middle  portion  is  repre- 
sented by  the  Bracklesham  beds  in  Hants, — the  middle  Bagshots  in 
the  London  district, — the  Systhne  Bruxellien  of  M.  Dumont, — and 
the  Calcaire  grassier  of  the  Soissonnais  and  Paris.   In  the  last-named 
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locality  (Paris),  the  calcaire  prostier  rests  on  the  arpile  plastigue, 
and  this  on  the  Chalk,  as  the  equivalents  of  the  Lower  Bagshots  and 
the  Thanet  Sands  are  here  wanting. 


2.  Oh  the  Ornithoidichnites  of  the  Wealden. 
By  S.  H.  Beckles,  Esq.,  F.G.S. 

[Plate  XIX.] 

In  two  former  papers  communicated  to  the  Geological  Society*  I 
observed  that  certain  large  trifid  bodies,  presenting  a  resemblance 
to  the  casts  of  the  impressions  of  birds'  feet,  were  numerous  in  the 
cliffs  to  the  east  and  west  of  Hastings ;  and  I  suggested,  from  cer-  |k 
tain  uniform  peculiarities  which  these  gigantic  tridactyle  impressions, 
or  rather  casts  of  impressions  exhibited,  that  they  might  be  reaUy 
foot-marks  of  birds. 

Up  to  the  date  of  my  first  notice,  my  discoveries  of  these  colossal 
casts  were  Umited  to  the  east  of  Hastings  and  Bulverhithe,  but  my 
continued  investigations  enabled  me  to  announce  in  my  second  com- 
munication that  I  had  successfuUy  traced  them  through  the  entire 
section  of  the  Wealden  rocks  exposed  on  the  coast,  from  Cliff*  s-end 
on  the  east  of  Hastings  to  Pevensey  Sluice  on  the  west. 

Although  these  tridactyle  casts  were  collectively  numerous,  they 
occurred  for  the  most  part  on  detached  blocks  of  sandstone,  and 
never  on  a  surface  sufficiently  large  to  admit  of  three  or  four  con- 
secutive marks ;  and,  although  their  number  and  regularity  of  form 
afforded  good  presumptive  evidence  of  their  being  organic  in  their 
origin,  yet  these  circumstances  were  insufficient  to  establish  a  truth 
where  sequence  of  arrangement,  distinct  evidence  of  a  phalangeal 
structure,  or  some  other  organic  characters  were  indispensable; 
hitherto,  therefore,  these  trifid  bodies  were  not  supposed  to  fulfil  the 
necessary  conditions  of  footmarks. 

The  uniformity  of  character,  however,  in  the  casts  that  I  first 
examined  had  such  an  obvious  connexion  with  a  definite  cause,  as  to 
convince  me  that  they  were  either  of  organic  origin,  or  the  result  of 
a  uniform  crvstalline  action ;  I  knew  of  no  mineral  law  by  which  to 
account  for  them,  and  I  adopted  the  altemativef . 

*  Quart.  Journ.  Geol.  Soc  vol.  vii.  p.  117 ;  and  ibid,  vclL  viii.  p.  396.  The  oc- 
currence of  similar  bodies  found  by  Mr.  Saxby,  in  the  Isle  of  Wight,  is  alluded  to 
by  the  late  Dr.  ManteU  in  his  "  Geol.  Isle  of  Wight,"  &c  p.  247.  Mr.  Tagarfi 
specimen  (see  Quart.  Journ.  Geol.  Soc.  voL  ii.  p.  267)  is  in  the  Museum  of  the 
Geological  Society ;  and  a  similar  example  is  in  the  British  Museum.  In  the 
Society's  Collection  there  is  also  a  large  slab  of  Purbeck  limestone,  the  surfu^  of 
which  is  shaly  and  covered  with  coarse  fitcoidal  (?)  markings.  In  this  shaly  por- 
tion are  two  large,  trifid,  pachydactylous  foot-marks,  resembling  those  froin  the 
Wealden,  each  measuring  12  inches  in  length. 

t  With  the  extensive  accumulation  of  these  natural  casts  in  my  collection,  I 
felt  much  surprise  that  men  of  real  science  should  still  pronounce  them  mere 
accidental  concreiiom.  The  cause,  whatever  it  was,  so  uniformly  produced  the  same 
effects,  whether  in  clay-rock,  sandstone,  or  shale,  as  to  be  inconsistent  with  oar 
idea  of  an  accident.    To  reject  these  trifid  bodies  as  organic  phaenomena,  became 
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No  snbseqaent  details  proved  unfttvourable  to  my  opinion,  and  I 
have  watched  with  intense  interest  the  successive  exposure  of  these 
wonderful  phsenomena,  until  I  have  at  length  obtained  such  evidence 
of  their  beuig  organic,  as  seems  to  establish  the  existence  of  a  class 
of  animals  of  stupendous  bulk,  and  having  tridactjlous  feet,  during 
the  Wealden  epoch. 

Geological  position  of  the  lehnites, — I  now  have  the  mtification 
to  announce  the  occurrence  of  the  Omithoidichnites  of  the  Wealden 
in  large  numbers  on  the  upper  planes  of  strata  of  arenaceous  clay  or 
shale  exposed  at  intervals  from  Bulverhithe  to  Cowden*. 

This  shale  or  soft  sandstone  constitutes  the  lowest  member  of  the 
**  Horsted  group  "  of  Dr.  Mantell,  in  this  locality.  It  is  to  be  seen 
to  the  east  of  Bulverhithe,  with  a  dip  to  the  east ;  and,  although  it 
does  not,  I  believe,  appear  at  the  top  of  the  cliff,  it  is  superior  to  it 
in  geoloeical  position.  It  is  next  observed  to  the  west  of  Galley  Hill, 
whence  it  is  no  doubt  prolonged  subterraneously  to  Bexhill,  where  it 
again  appears  and  rises  abruptly  into  the  low  cliff  or  bank,  and 
occupies  a  conspicuous  and  almost  vertical  position  (see  fig.  p.  458); 
the  strata  having  been  here  the  scene  of  violent  disturbance.  Dip- 
ping to  the  west,  it  suffers  an  undulation  which  brings  it  to  the  sur- 
face at  half  a  mile,  and  again  at  the  distance  of  a  mile  to  the  west,  or 
about  three-quarters  of  a  mile  to  the  east  of  Cowden.  At  each  of  the 
above  points  I  have  found  the  characteristic  Ichnites,  while  the  inter- 
vening spaces,  which  are  occupied  by  the  upper  members  of  the  same 
stratigraphical  series,  have  not  as  jet  Aimbhed  these  fossil  footmarks, 
but  have  supplied  organic  remains  which  do  not  seem  to  extend  to 
the  subordinate  bedsf. 

The  relative  position  of  the  beds  is  shown  in  the  accompanying 
section  (p.  458)  of  a  portion  of  the  cliff  at  Bexhill.  In  this,  No.  3 
represents  the  shale  in  question,  and  No.  5  the  ledge  having  the  three 
impressions  to  which  I  shall  hereafter  allude  {. 

Character  of  the  Ichnites, — ^The  impressions  are  all  tridactylous 

they  may  not  happen  to  come  immediately  within  the  types  of  existing  organiza- 
tion, would  he  a  singular  disregard  of  aU  those  researches  which  are  daily  reveal- 
ing the  wonders  of  lormer  epochs. 

*  I  obtained  a  separate  cast  some  time  since  between  Cowden  and  Pevensey 
Sluice ;  I  anticipate,  therefore,  that  I  shall  find  them  tti  Htu  in  this  direction  ;  if 
I  do,  it  will  probably  be  in  the  Cowden  clays.  The  casts  to  the  east  of  Hastings 
(Quart.  Geo].  Joum.  vol.  viii.  p.  396,  &c.)  occur  on  a  band  of  sandstone  tubordi- 
nateiOf  or  perhaps  constituting  a  part  of  Mr.  Webster's  **  M.  M.*'  or  lowest  strata. 
If  Dr..Mantell  and  Dr.  Fitton  have  given  the  correct  order  of  superposition,  strata 
several  hundred  feet  thick  must  be  interposed  between  the  footprints  to  the  east 
of  Hastings  and  those  to  the  west  of  it.  Their  present  elevation  or  level,  how- 
ever, is  nearly  the  same. 

t  In  the  shale  containing  the  footprints  at  Bexhill  and  half  a  mile  to  the  west 
of  it,  I  have  found  the  same  description  of  shells,  while  in  the  sandstone  occupy- 
ing the  intermediate  space,  I  have  seen  no  trace  of  these,  but  at  least  five  varieties 
of  UnUmida^  both  of  large  and  small  species. 

X  The  occurrence  of  these  impressions  in  bed  No.  5,  and  of  one  cast  in  a 
•course  of  htfd  stone  in  the  Cowden  clays,  which  are  superior  to  the  "  Horsted 
group,''  warrant  the  supposition  that  the  footprints  exist  more  or  less  in  all  of 
these  beds. 
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and  pachydactylous ;  the  inner  toe  always 
the  shortest ;  the  middle  one  always  the 
longest,  and  all  of  them  directed  forward ; 
there  are  no  satisfactory  distinct  pha- 
langeal impressions,  but  in  many  examples 
the  distal  extremity  of  the  terminal  joint 
is  distinctly  traceable. 

The  impressions  are  disposed  in  tracks, 
and  the  toes  of  eyery  two  suocessiye  marks 
turn  alternately  right  and  left. 

The  impressions  differ  in  size  and  pre- 
sent a  yanety  in  form ;  the  stride  also  ya- 
ries  in  length.  The  impressions  or  marks, 
however,  composing  a  single  track  or 
line  are  uniform  in  size,  and  also  uniform, 
or  nearly  so,  in  distance  from  each  other ; 
they  pomt  also  in  one  general  direction. 

The  marks  do  not  occur  in  a  right  line, 
as  in  the  case  of  the  tracks  of  gallmaceons 
birds  and  in  certain  fossil  footprints  from 
the  (Connecticut  Valley,  but  the  two  rows 
ot  tracks  made  by  the  ri^ht  and  left  foot 
are  immediately  to  the  right  and  left  of 
the  line  of  direction,  and  the  axis  of  the 
foot  is  turned  inwards  a  few  d^^rees  to- 
wards that  line.  In  this  respect,  but  in 
this  only,  these  impressions  present  a 
striking  resemblance  to  the  fossil  foot- 
prints of  the  Herpedactyhu  reetusy  and 
coincide  with  the  habit  of  some  recent 
birds. 

The  best  of  the  natural  casts  of  these 
impressions  in  my  collection  haye  a  hemi- 
spherical or  heel-like  prominence,  which 
is  lateral  and  always  on  the  side  of  the 
outer  or  longer  lateral  toe*.  In  iw^et- 
nans  this  peculiarity  is  not  so  obyious,  as 
this  part  of  the  surface  in  usuallyconoealed 
by  adherent  portions  of  the  rock ;  but  eyen 
in  these  instances,  sufficient  eyidenoe  exists 
to  proye  that  the  character  is  uniform. 

It  is  important  to  add  that,  while  my 
former  eyidence  was  derived  from  casts 
standing  in  relief  on  the  under-plane  of 
the  overlying  deposit,  the  present  is  ht- 
nished  bymarks  on  the  upperandrippledf 

*  Probably  the  expansion  of  the  proxiinil 
phalanx.  See  also  Quart.  GeoL  Jovm.  vol  m 
pp.  396,  397,  figs.  I  &  2. 

t  Where  the  surfiux  had  eridently  been  only 
recently  excavated,  I  obserredwell-defined  ripple- 
marks  associated  with  the  footprints. 


s  I  Ills 
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Burfece  of  the  substratum,  or  that  deposit  on  which  the  animal 
walked ;  the  majority  of  the  marks,  howerer,  are  not  intaglio,  or  in 
the  condition  of  clean  impressions,  but  retain  the  whole  or  parts  of 
the  natural  casts.  The  overlying  sandstone  having  been  worn  down 
by  attrition,  and  not  undermined  as  when  casts  only  are  exposed, 
those  portions  of  it  remained  which  filled  the  trifidal  indentations  in 
the  surface  of  the  subjacent  layer. 

Series  of  Footprints  No.  1.     (PI.  XIX.  fig.  1.) 

The  most  instructive  locality  is  conti^ous  to  Bexhill,  where,  on 
an  area  of  400  square  yards,  sixty  unpressions  were  found  on 
the  surface  of  the  rock  at  low  water ;  they  are  disposed  in  tracks, 
directed  for  the  most  part  either  to  or  from  the  present  beach, 
that  is  north  or  south;  whilst  some  have  an  easterly  direction. 
These  impressions  vary  in  size  from  8  to  24  inches ;  but,  although 
they  must  have  been  produced  by  at  least  six  individuals,  they  mi^ht 
probably  be  referable  to  only  two  species  of  animals,  five  series  bemg 
perhaps  varieties  in  size  rather  than  form,  and  belonging  to  the  same 
species  of  animal  at  different  ages  of  erowth,  while  a  smgle  impres- 
sion differed  from  the  others  both  in  form  and  size. 

The  diagram  in  the  accompanying  plate  (PI.  XIX.  fig.  1),  drawn 
on  a  scale  of  ^th  of  an  inch  to  a  foot,  illustrates  the  siurface  of  the 
rock,  and  shows  the  direction  and  disposition  of  the  footprints. 

The  longest  line,  a  a,  has  a  northerly  direction,  and  is  composed 
of  twenty-eight  consecutive  marks  of  the  smallest  size,  the  footprints 
being  respectively  about  8  inches  long,  and  separated  by  intervals 
of  about  17  incnes,  sometimes  a  Uttle  less;  this  track  is  crossed 
obUquely  by  a  shorter  line  of  eight  marks,  b  b  (directed  towards  the 
N.N.E.),  of  the  same  size,  and  also  having  a  stride  of  17  inches. 

A  thurd  track  of  twelve  marks,  c  c,  each  about  15  inches  long 
(or  nearly  twice  the  length  of  the  smallest),  and  about  19  inches 
apart,  runs  in  a  line  almost  jparallel  with  track  a  a ;  but  it  points 
in  an  opposite  direction  (to  the  south),  and  is  separated  from  it  by 
an  interval  of  1 6  feet  and  a  half  at  one  extremity,  and  1 1  feet  2  inches 
at  the  other. 

Two  consecutive  marks,  dd^  the  size  of  the  last,  but  differing  in 
the  length  of  the  stride,  which  is  3  feet  6  inches,  form  part  of  a  line 
crossing  a  a  at  right  angles.  A  single  print  «,  also  of  the  size  of 
the  last,  occurs  near  the  une  e  c,  but  points  in  a  contrary  direction. 

Three  consecutive  prints,///,  each  12  inches  long,  run  parallel  to 
part  of  the  line  c  c ;  and  are  met  by  two  others  g  g,  also  1 2  inches  in 
lei^h,  and  parallel  to  c  c,  but  pointing  in  an  opposite  direction. 

One  print,  h,  21  inches  in  length,  at  right  angles  to  c  c ;  and  two 
others,  ij,  each  24  inches  long,  at  a  distance  from  c  c,  and  pointing 
to  the  north,  complete  the  number  that  exhibit  a  more  or  less  genenQ 
similarity  in  form. 

The  solitary  print  k,  crossing  the  line  a  a,  has  narrow  toes,  and  is 
an  exceptional  form. 

The  slab  of  soft  shaly  sandstone  exhibited  to  the  meeting  dis- 
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plays  six  of  the  footmarks  from  Bexhill ;  the  five  consecatiTe  marks 
are  the  first  five  of  the  line  a  a,  and  the  sixth  mark  is  the  single 
ichnite  (U)  crossing  the  track  a  a,  at  right  angles  between  the  foarth 
and  fifth  marks.  In  consequence  of  a  fissure  which  passed  longitu- 
dinally through  the  inner  toe  of  the  fourth  mark  and  the  outer  toe 
of  the  fifth,  the  former  was  divided  in  two  and  the  surfiM^  of  the 
latter  destroyed,  in  their  transit  from  Bexhill  to  St.  Leonard's; 
fortunately,  however,  the  impressions  were  deep,  and  the  integrity  of 
both  prints  was  preserved.  Such  was  the  incoherence  of  the  stone, 
from  the  quantity  of  absorbed  salt  water,  that  a  large  amount  of 
manual  labour  proved  insufficient  to  remove  it  without  producing  the 
fractures  now  observed  on  its  surface,  and  it  was  only  after  a  slow 
process  of  drying  that  it  acquired  sufficient  cohesion  for  its  removal 
to  town. 

Series  of  Footprints  No,  2. 

The  next  place  that  contributes  to  the  evidence  is  half  a  mOe  to 
the  west  of  Bexhill  and  opposite  to  the  Tower  No.  47.  Here  tracks 
of  impressions  were  so  distributed  over  a  surface  of  many  hundred 
square  yards  as  to  yield  neither  in  numbers  nor  interest  to  the  pre- 
ceding series.  I  have  not  had  an  opportunity  of  seeing  this  spot 
entirely  free  from  loose  sand,  but  tracks  consisting  of  2,  3,  5,  7, 
and  8  impressions  were  distinctly  traceable,  and  some  of  them,  con- 
tinuing into  lines  of  much  greater  length,  no  doubt  traversed  this 
extensive  area  in  every  direction. 

One  track  deviated  from  a  right  line ;  but,  with  the  exception  of 
two  extraordinary  consecutive  impressions,  the  ichnites  here  presented 
no  new  feature,  either  in  form,  size,  or  stride*.  The  important  ex- 
ceptions were  almost  of  incredible  diniensions ;  the  largest,  of  which 
I  obtained  a  specimen,  measuring  nearly  27  inches  in  length  by 
nearly  24  in  breadth,  with  a  stride  of  42  inches.  The  distal  extre- 
mity of  the  imgual  jc»nt  of  the  outer  toe  of  each  impression  was 
more  pointed  than  that  of  the  inner,  and  turned  inside  of  its  axis, — 
pecuharities  that  I  have  observed  in  the  best  casts. 

In  my  collection  is  a  fine  natural  cast  from  Galley  Hill ;  a  portion 
of  the  middle  toe  is  wanting,,  but  the  cast  measures  23  inches  from 
the  tip  of  the  heel  to  the  tip  of  the  outer  toe  ;  so  that,  by  analogj, 
the  extreme  length  of  this  splendid  specimen  must  have  been  27 
inches,  or  of  the  size  of  those  to  the  west  of  Bexhill. 

Three  disconnected  impressions  occurred  some  time  since  not  hi 
from  Bexhill,  on  a  ledge  too  narrow  for  two  consecutive  marks  ;  one 
of  these  impressions  measured  28  inches  in  length  by  25  inches  in 
breadth  between  the  extremities  of  the  lateral  toes,  proportions  that 
greatly  surpass  in  magnitude  those  of  the  most  colossal  footprints  of 
the  Triassic  epochf. 

*  In  some  impressions,  particularly  in  a  series  to  the  west  of  Bexhill,  the  toes 
appear  to  be  connected  by  intenrening  stone  which  suggests  the  idea  of  a  web- 
footed  animal ;  but  this  peculiarity  is  susceptible  of  other  explanation. 

t  The  Broniozoum  gigitnteum,  or  colossal  biped  that  produced  the  largest  triassic 
N>tprints,  is  supposed  to  have  been  four  or  five  times  the  size  of  the  large  Afiricao 
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Series  of  Footprinte  No.  3. 

The  locality  next  in  importance  occurs  to  the  west  of  Tower 
No.  49.  On  an  area  not  so  laree  as  either  of  the  former,  twenty-fiye 
impressions  were  disposed  in  uiree  tracks ;  one  track  of  eight  im- 
pressions pointed  obliquely  to  the  beach  ;  a  second  of  twelve  emerged 
from  the  beach>  and  passed  in  the  direction  of  the  sea ;  and  a  third 
of  five  marks,  lying  between  these  two,  pointed  in  the  direction  of 
the  beach ;  all  of  tnese  impressions,  and  the  stride  in  two  of  the 
tracks,  show  a  correspondence  to  the  line  of  prints  cc  in  PI.  XIX.  fig.  1 ; 
but  the  third  track  was  characterized  by  the  wide  space  of  3  feet 
6  inches'*'.  All  of  the  impressions  were  yielding  fast  to  ceaseless 
tidal  attrition,  but  were  sufficiently  distinct  to  be  conyindng  when  I 
last  saw  them. 

Series  of  Footprints  No,  4. 

Plate  XIX.  fig.  2.  shows  four  impressions  from  the  west  of 
Gralley  Hill,  reduced  to  a  scale  of  ^th  of  an  inch  to  a  foot.  The  coin- 
cidence of  a  long  heel  in  one  of  the  marks  (a  character  correspond- 
ing better  to  Imurds)  and  the  singular  approximation  of  the  four 
impressions  suggest  that  these  footprints  had  been  produced  either 
by  a  four-footed  animal,  or  by  a  biped  haying  a  breadth  of  body  that 
enabled  it  to  step  at  a  great  distance  from  the  line  of  direction ;  but 
the  two  smaller  unpressions  are  on  the  same  side,  and  the  axis  of  the 
fore-foot  is  not  parallel  to  that  of  the  hind-foot.  The  absence  also 
of  certain  other  essential  quadrupedal  characters  proves  that  these 
tracks  were  bipedal,  and  that  they  must  have  been  produced  by  two 
individuals. 

Had  these  impressions  been  the  first  and  only  series  that  I  had 
seen,  I  must  have  regarded  them  with  much  suspicion.  Their  enor- 
mous proportions,  the  prolongation  backwards  of  the  heel  of  only 
one  specimen,  which  has  all  the  appearance  of  being  a  distmct 
character,  and  a  roughness  of  outline  resulting  from  unequal  abra- 
sion, seemed  to  divest  these  marks  of  all  true  organic  pretensions ; 
fortunately,  however,  two  good  casts  in  my  collection  came  from  this 
spot,  and  the  lareer  specimen  corresponds  in  size  and  relative  propor- 
tions to  two  of  these  marks. 

In  the  same  locality  four  or  five  disconnected  footprints  occur,  but 
too  widely  separated  to  be  illustrated  by  a  single  diagram. 

At  Bulverhithe,  where  I  have  obtained  many  casts,  a  few  impres- 

Ostrich,  yet  the  superficial  measure  of  this  gigantic  foot  could  not  have  heen  one- 
third  of  that  of  the  stupendous  Wealden  biped. 

*  The  distance  between  impressions  of  the  intermediate  size  seems  to  range  from 
19  inches  to  24  in  some  tracks,  and  from  42  inches  to  46  in  others ;  while  in  the 
case  of  larger  impressions,  it  appears  to  be  uniformly  from  42  inches  to  46  inches. 
The  Sorter  intervals  were  produced,  perhaps,  by  the  ordinary  pace  of  the  smaller 
aoimal,  whUe  the  longer  show  probably  the  stride  of  the  same  individual  when  it 
walk^  fast,  and  the  stride  of  the  larger  animal  when  it  walked  at  a  moderate 
pace.  The  legs  of  the  adult  or  larger  animal,  supposing  it  to  have  been  a  biped, 
were  probably  9  or  10  feet  long. 
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sions  may  be  seen  in  situ  on  mach  disturbed  surfaces ;  but  they  are 
solitary  and  do  not  add  to  the  evidence. 

Conclusion, — ^These  are  the  data  by  which  I  have  been  conducted 
to  the  important  conclusions  which  I  venture  to  embody  in  this 
communication. 

The  same  strata,  however,  will  no  doubt  reveal  additional  cTidence 
when  those  parts  shall  be  exposed  which  are  now  concealed  bj  de- 
tritus. But  although  fresh  facts  may  throw  new  light  on  the  nataral 
affinities  of  the  creatures  that  produced  these  interesting  phsenomena, 
and  may  even  multiply  their  genera  and  species,  little  can  be  wanting 
to  prove  that  the  tridactyle  impressions  and  casts  of  impressions  in 
the  Wealden  were  produced  by  the  feet  of  animals,  and  that  thoae 
animals  were  bipeds. 

The  sum  of  the  preceding  facts,  and  the  inferences  that  seem  to 
result  from  them,  are  as  follow  : — 

1st.  That,  from  the  number  and  arrangement  of  certain  large 
trifidal  bodies  occurring  in  the  Wealden  formation,  and  from  their 
general  uniformity  of  character,  position,  and  direction,  bipedal 
animals  having  tridactyle  feet  of  enormous  proportions  lived  daring 
the  Wealden  epoch*. 

2ndly.  That  the  alternation  of  right  and  left  footsteps  proves  the 
animals  to  have  been  biped. 

3rdly.  The  numbers  and  position  of  the  toes  seem  to  ally  these 
animals  to  birds ; — ^while,  however,  it  may  be  regarded  as  undeter- 
mined whether  these  gigantic  creatures  were  birds,  or  reptiles  with 
ornithic  characters. 

It  is  necessary  to  remark  that  the  striking  evidence  afforded  by  the 
continuous  lines  of  tracks  is  not  impaired  by  the  want  of  continuity 
in  the  single  tracks  ;  which  is  partly  occasioned  by  the  laminations 
of  the  rocks,  and  the  distribution  of  the  tracks  over  the  differmt 
layers.  The  tracks  b  b  and  dd,  in  Plate  XIX.  fig.  1,  for  example, 
are  suddenly  terminated  by  the  lines  //  and  m  m,  which  represent 

*  That  a  oniserial  or  qoasi-bipedal  track  may  be  produced  by  a  qnadnipedal 
animal,  we  have  strong  evidence  affbrded  by  the  recent  uniscarial  tridac^^ooi 
footprints  foond  by  Mr.  E.  Hopkins  on  the  sand  and  mud-banks  of  the  Magda- 
lena  River  in  South  America,  briefly  noticed  in  Report  Brit.  Assoc  1845,  Tnns. 
'  Sect.  p.  52.  These  prints  Mr.  Hopkins,  after  careful  investigation,  discovered  to 
have  been  made  by  a  pachydermatous  quadruped,  the  '*  Dante  "  or  Tapir.  The 
impressions  are  all  trifid  and  pachydactylous ;  some  of  them  14  inches  long,  and 
4  feet  asunder ;  others  6  inches  long,  and  22  inches  apart ;  and  they  occur  in 
single  rovrs,  veith  the  toes  of  the  footsteps  pointed  outwardly  and  alternately  to 
right  and  leifl.  Interspersed  amongst  these  peculiar  footprints  vrere  the  orchnaiy 
tracks  of  birds  and  tortoises. 

In  a  note  vnth  v?hich  Mr.  Hopkins  has  favoured  me,  he  observes, "  It  was  diffi- 
cult at  first  to  conceive  hovr  a  guadrtqfed  could  produce  such  angular  steps ;  but, 
on  minutely  examining  the  impressions  on  the  mud-banks,  vre  detected  a  douUe 
marking  in  each  print.  Some  of  these  animals  are  as  large  as  mules ;  and  I  saw 
many  of  them  afterwards,  and  watched  the  variable  impression  they  made  when 
wallnng  on  sand-banks,  mud-banks,  up-hill,  and  down-hill.  The  double  impres- 
sion could  not  be  detected  on  the  sand-banks ;  it  was  only  on  the  mud  that  we 
could  detect  that  the  Dante  in  walking  places  the  hind-foot  in  the  exact  plaee 
occupied  alternately  by  the  fore-foot."— [August  24, 1854.] 
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the  edges  of  the  layers,  while  the  track  a  a,  which  runs  in  the  direc- 
tion of  these  lines,  and  remains  on  the  same  layer,  is  continued  over 
the  whole  of  the  exposed  surface. 

Some  impressions,  moreover,  even  on  the  same  laminee,  are  such 
obscure  memorials  of  the  originals,  that  it  is  easy  to  infer  that  tidal 
erosion  may  have  obliterated  others,  by  which  these  were  probably 
prolonged  into  tracks  ;  a  deduction  warranted  also  by  the  condition 
of  some  entire  lines,  which,  although  well  defined,  contain  some 
marks  less  yividly  expressed  than  others,  but  which  will  probably 
disappear,  and  leave  those  that  are  more  forcibly  developed  as  the 
sohtary  representatives  of  a  former  track. 

Impressions  of  the  phalanges  and  integuments  might  have  proved 
incontestably  that  these  trifids  were  organic,  or  have  led  to  the  de- 
termination of  the  class  of  animals  that  produced  them ;  but  how  far 
the  absence  of  these  anatomical  details  i^ects  the  evidence  before  us, 
may  be  inferred  from  the  fact  that  all  the  resources  of  argument 
were  exhausted  before  the  persevering  investieators  of  the  footprints 
of  the  New  red  sandstone  of  Connecticut  obtained  that  structural 
proof  which  the  scepticism  of  many  men  of  science  rendered  ne- 
cessary. 

The  occurrence  of  the  footprints  along  what  was  no  doubt  the 
muddy  shores  of  the  estuary  m  which  the  Wealden  was  deposited, 
points  out  a  habit  that  rendered  a  great  expanse  of  foot  indispensable 
to  an  animal  of  such  impUed  massiveness  of  structure. 

The  natural  casts  in  my  collection  present  at  least  six  varieties  in 
size,  and  I  have  had  the  gratification  to  see  in  situ  tracks  of  im- 
pressions corresponding  to  each  of  these  casts  except  one. 

I  have  not  observed  an  indication  of  a  hind-toe  to  any  of  the  foot- 
prints that  occur  to  the  west  of  Hastings*. 

The  magnitude  of  the  footprints  harmonizes  well  with  the  osteo- 
^ogy  of  the  Wealden.  Our  experience  of  the  colossal  Omithoid- 
ichnites  of  the  Connecticut  Valley  prepared  us  for  what  might  prove 
almost  incredible  developments  of  omuiic  Ufe ;  and,  if  there  was  a 
period  in  geological  history,  antecedent  to  the  appearance  of  mam- 
malia, when  we  might  have  expected  such  phsenomena,  it  was  the 
»ra  that  ushered  in  those  stupendous  saurians  which  were  probably 
contemporaneous  with  the  gigantic  authors  of  these  interesting 
relics. 

Lastly,  I  would  remark,  that  in  using  the  word  Omtthoidichnttes, 
I  intend  rather  to  convey  an  intimation  that  the  trifidal  bodies  are  of 
organic  ori^,  than  to  determine  the  affinities  of  the  animals  that 
produced  them  :  I  adopt  the  term,  therefore,  provisionally  and  most 
cautiously.  Although  the  evidence  seems  to  connect  the  footprints 
with  the  class  Aves,  yet  I  am  not  aware  that  it  is  such  as  positively  to 
exclude  animals  of  a  different  organization.  Descriptions  having  for 
their  object  the  establishment  of  the  class  of  the  animals  might  be 

Srematiure  and  fruitless  in  the  present  state  of  the  evidence,  and  only 
amper  an  attempt  which  is  simply  intended  to  prove  their  existence. 

*  See  Quart.  Joorn.  Geo!.  Soc  voL  viiL  p.  396.  figs.  1  &  2. 
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I  shall  leave,  therefore,  to  future  inquiry  the  solation  of  the  intoest- 
ing  problem  of  the  natural  affinities  of  these  wonderful  bmedal  fonns, 
contented  if  I  hare  fortunately  been  instrumental  in  placing  their 
significant  memorials  in  the  catalogue  of  Palseontok^. 


3.  On  the  Geology  of  portions  of  the  Turko-Pebsian  Fron- 
tier, and  of  the  DUtricts  adjoining.    Bj  William  Kennett 
Lorrus,  Esq.,  F.G.S. 
[Communicated  by  the  Foreign  Office,  by  order  of  the  Earl  of  Quesdon.] 

[Abstract] 

The  geological  researches  detailed  in  this  memoir  were  made  in  the 
years  1849-52,  during  the  progress  of  a  joint  commission  appointed 
by  the  English,  Russian,  Turkish,  and  Persian  govemments  for  the 
demarcation  of  the  Turko-Persian  frontier. 

The  line  of  country  investigated  during  the  Surrey  bears  in  a 
N.N.W.  direction  from  Mohammerah,  at  the  head  of  the  Persian 
Gulf  (Lat.  30°  26'  N.),  to  Mount  Ararat  (Lat.  39°  42'  N.) ;  a 
direct  distance  of  rather  more  than  600  geographical  miles. 

The  first  250  miles,  from  Mohammerah  to  near  Mendali,  is  an 
arid  and  deserted  waste,  infested  by  plundering  parties  of  Arabs  and 
Kurds,  but  capable  for  the  most  part  of  extensive  cultivation. 

From  Mendali  to  Zohab  (50  miles)  the  exterior  tertiary  chain  of 
low  gypsiferous  ridges,  which  everywhere  skirt  the  west  flank  of  the 
Zasros,  is  crossed ;  and  at  the  latter  place  the  nummulitic  limestone 
ana  cretaceous  rocks  are  first  reached. 

From  this  point  to  near  the  Lake  Zerribar  (60  miles)  is  a  succes- 
sion of  regular,  saddle-formed,  limestone  antidiuals,  with  alternate 
synclinals,  containing  disconnected  portions  of  the  gypsum  series, 
and  underlaid  by  older  blue  schists. 

The  remainder  of  the  frontier  exhibits  a  lofty  range  composed  of 
igneous  rocks,  which,  bursting  through  the  stratified  deposits,  con- 
stitutes the  axis  of  the  vast  barrier  ridge  nearly  as  far  as  Bayazid,  at 
the  south  foot  of  Mount  Ararat,  a  distance  of  270  miles. 

Other  traverses  were  made  as  far  south  as  Shiraz  (Lat.  29°  36'  N.), 
and  many  valuable  sections  obtained,  which  are  referred  to  in  the 
memoir. 

In  the  first  place  the  author  gives  a  general  section  across  the 
great  Zagros  range,  as  illustrative  of  the  general  arrangement  of  the 
rocks  in  the  southern  district.  Thus  the  plain  of  the  Tigris  and 
Euphrates  consists  of  red  sandstone  and  varieeated  marls,  bordered 
by  hills  of  conglomerate,  which  are  succeeded  by  higher  hills  of  the 
same,  capped  by  gypsum  and  underlaid  by  nummulitic  rock.  The 
latter  forms  still  higher  escarpments  to  the  eastward,  which  are  also 
surmounted  by  disturbed  gypsum  beds,  and  are  based  on  cretaceous 
rocks.  These  in  their  turn  crop  out  beyond  the  nummulitic  rocks 
on  the  high  lands  eastward,  and  are  succeed  by  a  crystalline  lime- 
stone, obscure  in  its  relations ;  and  this  by  cuay  slates  and  mica 
schists,  which  are  perforated  by  the  granitic  axis  of  the  chain. 
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Further  northwards  similar  rocks  occur,  but  the  igneous  eruptions 
haye  greatly  altered  and  contorted  the  sedimentary  deposits.  Some 
of  the  sections  in  this  more  northerly  region  are  pointed  out  by  the 
author  as  throwing  much  light  on  the  age  of  the  disturbing  forces. 

The  several  geological  formations  described  by  Mr.  Loftus  are  as 
follows : — 

I.  Recent  Deposits. 

1.  The  alluvial  deposits  consist,  1st,  of  narrow  tracks  of  fluviatile 
clay,  sand,  and  gravel,  now  forming  along  the  rivers  and  canals,  and 
containing  recent  land  and  freshwater  shells;  2ndly,  of  marine 
sands  and  marls,  of  greater  extent,  reaching  into  the  desert  at  some 
distance  from  the  rivers,  and  containing  marine  shells  and  corals  of 
recent  forms.  This  marine  alluvium  is  represented  by  Colonel  Raw- 
linson  and  Mr.  Ainsworth  as  increasing  at  the  rate  of  a  mile  in  thirty 
years,  at  the  head  of  the  Persian  Gulf. 

2.  Lacustrine  deposits  are  very  rare  in  the  southern  portion  of  the 
tract  referred  to  in  this  paper,  one  patch  only  of  soft  hmestone  with 
Planarbis  and  Limtueus  occurring  in  the  mountains  of  Lauristan. 
Calcareous  tufa  forms  an  important  feature,  however,  in  the  northern 
district,  near  Lake  Van  and  elsewhere. 

3.  Limestone  gravel,  with  a  few  sandstone  and  quartz  pebbles. 
Enormous  accumulations  of  this  gravel,  sometimes  passing  into  a 
conglomerate,  abut  against  the  hiUs  skirtmg  the  plain,  particularly 
at  Dizful,  &c.,  where  they  are  deeply  raving  by  the  streams  from 
the  hills.    The  pebbles  are  derived  from  the  adjacent  mountains. 

II.  Tertiary  Deposits. 

A.  The  gypsum  series.    This  presents  in  descending  order, — 

1 .  Fine  ^avel,  passing  into 

2.  Friable,  red,  calcareous  sandstone. 

3.  Variegated  marls,  frequently  saliferous ;  with  vast  deposits  of 

gypsum,  and  thin  beds  of  impure  hmestone. 

The  approximate  thickness  of  the  whole  is  not  less  than  2000  feet. 

The  gravel  and  sandstone  are  unfossiliferous ;  the  marb  locally 
contain  fossils,  viz.  masses  of  crushed  shells  resembling  Cyrena.  But 
at  Kirrind,  where  some  of  the  lower  portion  of  the  series  is  exposed, 
the  marls  and  sandstone  have  no  gypsum,  and  are  fossiliferous,  con- 
taining,— 


Jaw  and  teeth  of  a 

small 

Natica. 

Cardium. 

Reptile. 

MytUus? 

Cardita. 

Remains  of  Crustacea. 

Astarte,  2  sp. 

Pinna. 

Balanus. 

Modiola. 

Arca,2sp. 

Cerithiam. 

Pholas? 

Anemia. 

Marex. 

Ludna. 

Flustra. 

OUva. 

Nucula? 

Serpula. 

Calyptnea. 

Chama. 

Astnea. 

Bitumen  and  naphtha  springs  occur  in  the  gypsiferous  series,  but 
are  very  rare  in  the  next  succeeding  series — the  nummuHtic  rocks. 
The  gypsiferous  series  was  traced  by  Mr.  Loftus  for  nearly  700 
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geographical  miles,  along  the  range  separating  Persia  and  Turkey,  and 
prohabiy  it  extends  from  the  Caucasos  to  Beloochistan,  continuons 
with  similar  rocks  found  by  Captain  Vicaiy,  in  Sdnde  *.  [Gypsiferous 
rocks  abound  also  in  the  Punjaubf,  and  Northern  Perma^.]  Mr. 
Loftus  points  out  that  in  Persia  and  Sdnde  the  gypsiferous  marls  lie 
beneath  and  conformable  to  the  associated  sandstones,  but  that 
in  Asia  Minor  §  Mr.  Hamilton  describes  the  gypsum  marls  as  lying 
nnconformably  upon  the  sandstone  || ;  and  he  adds  that,  as  a  distance 
of  750  geographical  miles  intervenes  between  Persia  and  Asia  Minor, 
perhaps  such  a  difference  in  the  course  of  deposition  may  be  due  to 
physical  differences  in  the  land  and  water  condition  of  the  several 
locaUties  at  the  period  in  cmestion.  The  gypsum  deposits  underlie 
the  valley  of  the  Tigris  and  Euphrates,  occasionally  protruding  in 
bosses  and  ridges  between  the  rivers,  and  rising  up  on  either  side  of 
the  adjoining  plains. 

B.  The  second  tertiary  group— the  nummulitic  series — ^forms  an 
important  feature  in  the  Zasros  Range,  and  has  been  traced  for  800 
geographical  miles — ^from  Shiraz  to  Mount  Ararat.  The  nummolitic 
deposits  are  conformable  with  the  gypsiferous  series;  but  these 
groups  are  lithologically  distinct,  and  have  no  fossils  in  common. 

The  nummuUtic  rocks  are  not  less  than  3000  feet  thick,  and 
at  Mangerrah  they  consist  of  (in  descending  order) — 

1 .  Compact  grey  and  yellowish  limestones,  with  Cerithhtm^  0«- 

treoy  Pecten,  and  Echinodermata.  Flint  in  the  upper  layoB. 

2.  Red  chert  conglomerate. 

3.  Yellow  and  red  sandstones,  with  thin  bands  of  pebbles. 

4.  Compact,  greyish,  fossiliferous  limestone,  passing  into 

5.  Grey  nummulitic  rock,  with  layers  of  grey  marl. 
Nos.  4  and  5  contain 

Nummolites  perfortta  (small  variety).        Alveolina  subpyrenuca. 
Aatilina  exponens.  Fragments  of  Bchmoderms. 

Orbitoides  dispansos. 

These  deposits  are  also  well  seen  in  a  magnificent  section  near 
Kirrind,  where  the  following  series  (in  descending  order)  is  exhi- 
bited:— 

1 .  White  marble. 

2.  White  marls  and  limestone. 

3.  Limestone  and  red  sandstone  breccia. 

4.  Red  chert  ffravel. 

5.  Yellow  sandstone,  with  slight  traces  of  vegetable  remains. 

6.  Yellowish  calcareous  marl,  abounding  with  fossils,  the  lower 

part  with  Alveolina  subpyrenaica  in  particular. 

7.  Compact  grey  limestone. 

Tbis  is  succeeded  by  unfossiHferous  red  marls  with  chert  pebbles. 

♦  Quart.  Journ.  Geol.  Soc.  vol.  ii.  p.  261.  t  Ibid.  vol.  ix.  p.  194. 

%  Grewingk's  Geog.  Orog.  Verb.  N.  Persiens,  1853.      §  Q.  J.  G.  S.  vol.  v.  p.  373. 

II  [In  another  district  of  Asia  Minor  Mr.  Hamilton  has  described  gjrpstferoos 
beds  conformable  with  the  red  and  yellow  marl  and  sandstone.  Trans.  GeoL  Soc 
2  scr.  vol.  V.  pp.  590  &  592.— Eo.] 
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Amongst  the  fossils  from  the  bed  No.  6  are : — 

NommiilUes  Biaritzensis.  Pecten. 

Orbiioides  dispansus.  Ostrea,  4  smooth  species. 

Opercalina  granulosa  ?  ,  1  plicated. 

AlveoUna  subpyrenaica.  ,  1  Tulsellifomi. 

Several  andetermined  Zoophytes.  Anomia. 

Clionites,  2  sp.  Nerita,  2  sp. 

Spines  of  Cidaris.  Natica,  2  sp. 

Echinus.  Turbo  ? 

Temnopleums.  Trochus  ? 

Teredo,  in  wood  ?  2  sp.  Cerithium  ? 

Corbula.  Purpura. 

Tellina.  Pleurotoma,  3  sp. 

Corbis  ?  Fusus. 

Ludna.  Pyrula. 

Venus.  Rostellaria. 

Cardinm,  2  sp.  Strombus,  3  sp. 

Cardita.  Voluta,  2  sp. 

Isocardia?  Seraphs. 

Area.  Cypnea,  3  sp. 

Pectunculus.  OliTa. 

liucula.  Pileopsis. 

Chama.  Nautilus. 

Modiola.  Crustacean  remains. 

Mytilus,  2  sp.  Teeth  of  Shark. 

Pema.  Gyrodus. 

Spondylus. 

The  nimmiiilitie  rocks,  like  all  the  rest  of  the  rocks  of  the  range, 
are  greatly  disturbed.  They  rise  from  beneath  the  beds  of  the 
gypsom  formation  in  elongated  saddles  of  compact  crystalline  lime- 
stone, running  parallel  to  each  other,  and  having  a  qu&-qu&versal 
dip.  Frequently,  when  much  elevating  force  has  been  exerted,  huge 
masses  of  the  limestone  stand  isolated,  with  lofly  precipices  on  ail 
sides,  bearing  on  their  summits  acres  of  pasturage  and  springs  of 
delicious  water,  to  which  the  native  chiefs  and  their  adherents  can 
retire  in  safe^,  and,  with  a  handful  of  men,  defy  the  whole  power  of 
the  Persian  Government. 

Mr.  Loftus  describes  in  detail  the  altered  conditions  of  much  of 
this  series,  and  explains  the  great  clefts  or  ''  Tangs "  (as  they  are 
termed  in  Persian)  which  pass  through  the  elongated  limestone 
saddles.  These  tangs  are  very  numerous,  and  are  the  most  peculiar 
feature  of  the  nummuUtic  rocks.  All  the  great  rivers  which  fall  into 
the  Tigris  from  the  east  rise  in  the  interior  of  the  Zagros  ;  and,  as 
their  course  is  generally  from  north  to  south,  they  cross  the  ridges 
of  the  great  chain  diagonally.  The  manner  in  which  this  effected 
is  veiY  remarkable.  Lostead  of  flowing  in  a  S.£.  direction  along  the 
trougn  which  separates  two  parallel  limestone  saddles,  and  by  this 
means  working  out  their  channel  in  the  soft  rocks  of  the  gypsiferous 
series,  or  of  the  alluvium,  and  afterwards  rounding  the  end  of  the 
saddle,  at  the  point  where  the  extremity  of  its  visible  axis  dips  under 
the  overlying  deposits,  each  of  these  nvers  takes  a  direction  at  right 
angles  to  its  former  course,  and  passes  directly  through  the  limestone 
range  by  means  of  a  "  Tang."   On  reaching  the  next  parallel  gypsum 
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trongh»  it  follows  for  a  space  its  original  S.E.  course,  and  again 
passes  through  the  next  chain  in  the  same  manner,  until  it  readies 
the  plains  of  Assyria  and  Susiana.  The  Tangs  are  not  situated  at  the 
lowest  or  narrowest  portion  of  the  range,  hut  most  frequently  divide 
it  at  its  highest  pomt,  and  expose  perpendicular  sections  of  1000 
feet  and  upwards.  Thewidth  of  the  Tangs  varies  considerahly ;  some- 
times they  are  exceedingly  narrow,  and  at  other  times,  a  mile  or  more 
across.  One  of  these  Tangs,  which  forms  the  pass  hetween  the  plain 
of  Denever  and  that  of  Chambatan,  is  10  miles  in  length  and  1|^  in 
breadth  ;  it  has  three  salient  and  two  re-entering  angles  on  the  N.W. 
side,  with  corresponding  bays  and  projections  on  the  oth^. 

*'  It  is  c|uite  out  of  the  question,"  observes  the  author,  '*  to  suppose 
that  the  nvers  themselves  have  l>een  in  the  least  d^jee  instrumental 
in  cutting  these  cross  clefts ;  for  if  so,  we  should  expect  to  find  a 
lacustrine  deposit  in  each  trough,  between  the  limestone  saddles. 
But  there  are  no  such  deposits.  Moreover,  if  the  rivers  had  been 
pent  up  in  troughs,  they  would  certainly  have  forced  their  passage 
through  the  soft  gypsum  rock,  rather  than  through  the  massive  cry- 
stalline barriers." 

The  *'  Tangs  "  are,  in  the  author's  opinion,  due  to  tension  at  right 
angles  to  the  axis  of  the  chains  in  which  they  occur,  and  were  pro- 
bably produced  instantaneously  by  the  cooling  of  the  once  heated 
mass;  whilst  longitudinal  fractures  of  the  limestone,  which  also 
occur,  following  the  axial  lines,  were  probably  caused  by  the  resist- 
ance offered  by  the  overlapping  of  the  numerous  beds,  during  their 
elevation  from  an  horizont«d  position. 

As  there  are  no  fossib  common  to  the  nummulitic  and  the  gypsi- 
ferous  series,  so  there  are  none  common  to  the  nummulitic  and  the 
cretaceous  rocks  next  succeeding,  although  in  this  case  there  is  some- 
times a  gradual  transition  in  lithological  characters. 

III.  Secondary  Rocks. 

1.  Mr.  Loftus  refers  to  the  Upper  Secondary  series  a  groim  of 
limestone  and  marls,  with  cretaceous  fossils,  chiefly  exhibited  by 
sections  in  the  Bakhtiyari  Mountains.  In  descending  order,  these 
i^pear  as — 

1 .  Bituminous  marls  (sometimes  wanting.) 

2.  Cream-coloured,  fissile,  fossiliferous  lunestone,  with  flints. 

3.  Blue  shaly  marls. 

4.  Limestone  with  Hippurites. 

The  bituminous  marls  afforded  at  one  place  a  group  of  Terebrs^ 
tula,  closely  resembling  Terebratula  cornea  of  the  Chalk,  t<^ether 
vrith  some  Plant-remains,  and  a  small  bivalve  like  a  Nucui4L,  The 
cream-coloured  limestone,  in  the  plain  of  Bishiwah,  abounds  wiUi 
crushed  specimens  of — 

Tumlites:  resembling  T.  tubereuhUttt.  Pecten. 

Ammonites ;  one  was  2^  ft.  in  diameter.  Turrited  onitalve. 

A.  plannlatus.  Fuci. 
Belemnites. 
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At  other  places  the  limestones  were  found  to  contain — 

KHgird  Range.  Dehbid  ?  Imam  Meer  Aehmet. 

Ammonites.  RhfnchonelUL  Ammonites. 

Small  plicate  Ostrea.  Exogyra.  Voluta. 

Venus.  Corals.  Tellina. 

Turbinate  and  turrited  Univalfes.  Oryphaea. 

Serpula. 

2.  To  the  Lower  Secondary  series  Mr.  Loftus  refers  the  masses  of 
highly  crystalline,  fetid,  blue  limestone,  much  contorted,  which  is 
seen  in  some  of  the  mountain  passes  to  be  overlaid  hy  the  cretaceous 
rocks. 

IV.  PdUeozoie, — In  the  Bakhtiyari  Mountains  Mr.  Loftus  found 
some  limestone  blocks,  not  tit  9itUy  which  contained  specimens  of 
Orthis,  probably  of  Devonian  or  Upper  Silurian  age,  together  with 
a  small  Nucula,  and  a  few  other  inoistinct  fossils. 

V.  Metatnorphic  Schists, — Associated  with  the  altered  blue  lime- 
stone just  mentioned,  and  in  juxtaposition  with  the  igneous  rocks 
along  the  axis  of  the  Zagros  Range,  from  Senna  neany  to  Mount 
Ararat,  are  metamorphic  schists,  day-slates,  &c.,  which,  like  the 
altered  blue  limestone,  afford  no  data  as  to  their  exact  age. 

VI.  Granite. — ^The  central  axis  of  the  chain  is  formed  of  granite 
rocks,  rising  to  the  height  of  13,780  feet  at  the  summit  of  Kuh 
Elwend  (the  ancient  Orontes). 

As  to  the  date  of  the  eruption  of  the  granitic  chain,  Mr.  Loftus 
observes  that  there  is  every  reason  to  regard  it  as  posterior  to  the 
formation  of  the  nummutitic  and  gypsum  series,  and  subsequent  to 
the  accumulation  of  the  comparatively  modem  gravel  conglomerate 
on  the  western  skirts  of  tke  whole  chain. 

VII.  Trap-roeks. — Porphyry,  trap-porphyry,  and  serpentine  occur 
on  the  skirts  of  the  granitic  chain. 

Part  II.  of  the  Memoir  comprises  the  notes  made  by  Mr.  Loftus 
during  his  traveb  in  the  northern  part  of  the  frontier.  Owing  to 
a  severe  illness  in  the  mountains,  and  other  causes,  these  notes  are 
not  so  systematically  arranged  as  those  made  in  the  former  part  of 
the  journey.  The  rocks  met  with  along  the  northern  frontier  are 
similar  to  those  previously  described,  except  that  there  is  a  great 
abundance  of  the  products  of  recent  volcanic  outbursts,  with  much 
tuff  or  travertine.  Mr.  Loftus  points  out  some  interesting  phoe- 
nomena  connected  with  the  deposition  of  the  latter.  The  volcanic 
rocks  are  in  force  especiaUy  at  Selmas,  Lake  Van,  Abagha,  and 
Mount  Ararat ;  and  the  travertine  of  Derik,  and  near  Khoiand  Lake 
Van  is  described  in  detail.  In  this  second  part  there  are  fuU  descrip- 
tions of  the  Lakes  Urumia  and  Van,  which,  hke  many  others  of 
the  localities  referred  to,  are  illustrated  by  water-colour  sketches, 
taken  by  Mr.  H.  A.  Churchill,  who  accompanied  the  Commission. 
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4.  On  the  Geology  of  the  Neighbourhood  of  NAgpur, 
Central  India.  By  the  Rev.  Messrs.  Stephen  Hislop  tod 
Robert  Hunter. 

[Commnikicated  by  J.  C.  Moore,  Esq.,  F.G.S.] 

[Ab&tnct.] 

In  the  first  place  the  authors  describe  the  physical  features  of  that 
portion  of  the  N^igpur  district  to  which  this  Memoir  particularij 
refers,  and  give  a  full  account  of  the  geolo^cal  obserrations  already 
made  in  that  and  the  neighbouring  territories. 

In  pointing  out  the  general  geology  of  the  district,  they  show  that 
the  basis  of  the  country  is  gneiss,  quartz-rock,  mica-sdiist,  and  granite, 
on  which  reposes  a  sandstone  very  much  interrupted,  but  stretchii^ 
far  and  wide.  It  is  without  fossils  at  N^ur,  but  fossiliferous  else- 
where ;  and,  according  to  the  authors,  of  the  Jurassic  age. 

Near  N^spur  this  sandstone  is  overlaid  by  a  thick  mass  of  trap 
rock,  an  isokted  patch  of  which  forms  the  mass  of  the  Sitibaldi  HiU. 
This  trap  is  compact  below  and  vesicular  towards  the  top,  and  is 
surmounted  by  tlun  patches  of  a  nodular  tnm.  Between  Uiese  two 
trap-rocks  is  found  a  thin  clay  or  cherty  bed  full  of  the  remains  of 
freshwater  shells  and  other  fossils.  In  some  places  (as  in  the  T£k& 
plains)  the  freshwater  bed  rests  immediately  on  the  sandstone,  in 
which  case  the  vesicular  trap  is  wanting,  and  the  overlying  trap  is 
sometimes  present  and  sometimes  absent.  Sometimes  a  single  thin 
sheet  of  trap  is  present  without  any  sedimentary  deposit. 

The  extent  and  relations  of  these  several  rormations  and  of  the 
superficial  deposits  having  been  pointed  out,  the  authors  proceed  to 
describe  their  characters  and  contents,  and  to  offer  some  observations 
on  thdr  respective  ages. 

The  superficial  formations  are  the  black  soil  (Regur),  sometimes 
20  feet  deep ;  and  the  red  soil,  which  is  occasionally  50  feet  thidc, 
and  sometimes  contains  bones  and  freshwater  shells.  Each  of  these 
rests  on  a  brown  clay,  which  has  an  underlying  conglomerate,  with 
occasional  mammalian  remains. 

The  next  oldest  formation  appears  to  be  the  laterite  or  latent 
grit,  which  seldom  exceeds  in  thickness  10  feet  in  this  district,  and, 
as  usual,  is  unfossiliferous.  Diamond  mines  have  been  opened  in  it 
to  the  east  of  N^lgpur.  And  in  connexion  with  tlus  subject, 
Mr.  Hislop  remarks  tnat  the  diamond  matrix  probably  throughout 
India  is  not  sandstone  in  the  several  localities  where  the  diamonds 
are  found,  but  an  overlying  breccia  or  conglomerate,  frequently 
resting  on  sandstone,  but  also  occasionally  on  lunestone  or  gneiss. 

The  next  series  of  rocks  is  the  trappean — ^with  the  enclosed  sedi- 
mentary deposit. 

The  upper  trap  is  from  15  to  20  feet  thick,  and  of  very  great 
extent. 

The  freshwater  deposit  ranges  from  1  inch  to  6  feet  in  thickness, 
and  varies  in  colour  and  composition  ;  sometimes  cherty,  sometimes 
argillaceous.     Its  fossils  also  are  as  variable  in  their  distribution. 
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Occasionally  it  appears  to  be  repeated  more  than  once  in  the  escarp* 
ments  of  the  trap  hills. 

This  tlim  deposit  has  an  enormous  range ;  it  has  been  traced  more 
or  less  interruptedly  to  a  distance  of  1050  miles  in  a  direct  line,  from 
Rajmahal  (on  the  Granges)  to  Bombay,  and  of  660  miles  from  the 
N«  to  the  neighbourhood  of  Padpan^ali,  near  the  mouth  of  the 
Ckxlareri. 

From  the  collections  made  by  Messrs.  Hislop  and  Hunter  and 
their  fiiends  from  this  deposit  *»  the  authors  mention  the  following 
fossils: — 

Small  bones,  probably  Reptilian. 

Remains  of  a  freshwater  Tortoise. 

Fish-scales,  b<>th  Cycloid  and  Ghmoid,  in  great  numbers. 

Insects,  found  at  Tdkli :  Mr.  Hunter  enumerates  about  ten  species 

of  Coleoptera. 
£ntomostracans ;  five  or  six  species  of  Cypris. 
MoUusca,  land  and  freshwater,  in  great  numbers.    The  following 
geners  are  enumerated : — 

Bulimus.  Paludina. 

Sucdnea.  Valvata. 

Physa.  Limnseus  (Camptoceras). 

Melania.  Unio. 

Plant  remains  :  Mr.  Hunter  enumerates 

Fruits  and  Seeds,  about  fifty  species. 
Leaves,  exogenous,  six  forms. 

,  endogenous,  three  or  four. 

Stems,  exogenous,  few  species ;  some  specimens  six  feet  in 
girth. 

,  endogenous. 

Roots,  six  or  seven  kinds. 
Chara,  seed-vessels. 
Of  the  age  of  this  deposit  it  is  difficult  to  speak.  The  flora  appears 
to  have  some  resemblance  to  that  of  the  London  Clay.  With  two 
exceptions,  all  the  species  of  the  Molluscs  are  extinct ;  and  two  of 
the  genera  {Valvata  and  Physa)  have  disappeared  from  the  plains 
of  C^tral  and  Southern  India;  whilst  the  Planorlns  and  4fnpullana, 
now  so  common  in  India,  are  altogether  absent  from  this  deposit. 
As  an  isolated  and  probably  lacustrine  formation,  though  evidently 
possessing  a  high  antiquity  as  compared  with  the  superficial  deposits 
of  the  district,  its  age  cannot  at  present  be  predicated  with  any 
certainty. 

The  underlying  or  vesicular  trap  is  100  feet  thick  in  the  Sit^baldi 
hill ;  but  it  dies  out  towards  Tdkh,  where  the  freshwater  bed  rests 
on  the  sandstone.  Near  N^igpnr,  Mr.  Hislop  observes,  this  lower 
trap  appears  to  have  been  forced  up  beneath  the  overlying  mass  of 
freshwater  deposit  and  upper  trap,  and  to  have  either  filled  up  and 

*  An  extensive  aeries  of  organic  remains  and  of  rock-specimens,  from  this 
deposit,  the  fossiliferous  sandstone,  and  other  formations,  has  been  presented  to 
the  Society  hy  Messrs.  Hislop  and  Hunter.  The  fossils^  however,  have  not  yet  been 
worked  ont. 
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scattered  the  Baperincambent  rocks,  or  to  have  raised  them  hoiison- 
tally  above  the  level  of  the  plain,  forcing  itself  between  the  sandstone 
and  the  freshwater  deposit.  This  thin  fossiliferous  band,  when  not 
tilted  ap  altogether,  is  often  entan^ed  in  this  lower  trap  and  much 
altered  m  Hthological  character. 

The  authors  notice  the  apparent  absence  of  craters  throughout  the 
great  trap  district  of  Central  India.  Nor  is  any  spot  known  where 
either  of  the  two  trap-rocks  could  be  said  to  nave  come  up  from 
below. 

The  upper  trap  appears  to  have  flowed  along  for  immense  distances, 
filling  the  great  ancient  lake  or  lakes,  and  forming  flat  and  arid 
plains ;  and  the  lower  trap,  as  above  stated,  appears  to  have  been 
perhaps  nearly  as  co-extensive  in  its  subterranean  intrusions  and 
superficial  outbursts.  Thus  both  traps  are  regarded  by  the  anthora 
as  of  more  recent  date  than  the  freshwater  formation. 

Sandstones  and  shales  of  variable  character,  but  possibly  referable 
to  one  and  the  same  formation,  occur  in  four  districts,  viz. : 

Ist.  In  the  vicinity  of  N%pur  the  sandstone  occupies  a  company 
tively  narrow  and  irregular  stripe  along  the  eastern  border  of  the 
great  trap  region,  under  which  it  is  seen  to  pass. 

2nd.  Isolated  patches  on  the  south  appear  to  connect  the  N^gpnr 
sandstone  with  the  extensive  sandstone  custrict  of  Ch^diL,  above  and 
below  the  junction  of  the  Wardhd  and  Pranhit^  Rivers,  extendmg  to 
Kot^  near  the  junction  of  the  latter  river  with  the  €k>daveri. 

3rd.  To  the  east  of  N^pur  there  are  some  outlying  patches  east- 
ward of  the  Wein  Gangd  Kiver. 

4th.  To  the  north-west,  at  the  distance  of  thir  yor  forty  mOes 
from  the  N^ur  sandstone,  there  is  a  broad  tract  of  sandstone  around 
the  Mah^ewa  hills. 

The  exact  relations  of  these  several  areas  of  sandstone  and  shale 
are  not  yet  quite  settled  ;  but  the  following  is  the  descending  order 
of  the  series  according  to  the  observations  of  the  authore. 

1 .  Soft  ferruginous  sandstone ;  sometimes  hard,  vnth  iron  bands, 
and  affording  nullstone.  This  contains  fragments  of  the  underlying 
sandstone,  liuree  plant-remains  and  numerous  leaves. 

2.  Fine  and  coarse  argillaoeous  sandstones,  rich  with  plant  remains. 
These  have  afforded 

Labyrinthodont  reptile*  (from  Mangali). 

Fishes ;  Lepidoid  scales. 

Crustaceans ;  Eatheria, 

Plant-remains. 

Fruits  and  seeds ;  numerous  and  undescribed. 

Leaves ;  Conifer,  Zamites,  Poacites,  and  Ferns  (Peeapteru,  GIob- 
sopteris,  Titniopteris^  Cyclopteris,  Sphenopteria), 

Roots,  exogenous  and  endogenous. 

Acrogens :  AphyUum  ?,  Equisetites  ?,  Pkyllotheea,  Vertebraria  ?. 

The  thickness  of  Nos.  1  and  2  together,  near  N^pur,  is  about 
300  feet;  and  in  the  Mahddewa  Hills  it  is  estimated  by  Lieut.  Sankey 
at  2700  feet. 

•  Sec  the  next  following  paper. 
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3.  Red  shales,  50  feet  thick,  and  green  shales,  30  feet.  In  the 
former  of  these  there  were  observed  at  Korh^ 

Reptilian  foot-tracks. 

Worm-tracks. 

Phyllotheca? 

4.  White  and  coloured  limestones  and  marbles  (dolomitic),  with 
chert.     Not  less  than  100  feet  thick. 

In  Southern  India  these  limestones  (No.  4)  are  300  feet  thick, 
and  are  succeeded  bj  another  series  of  sandstone,  termed  by  Dr.  Garter 
the  '*  Tara  sandstone.'' 

All  these  sandstones,  shales  and  marbles  are  much  disturbed  and 
often  changed  by  the  plutonic  rocks  in  the  district  treated  of  in  this 
memoir.  Beyond  the  N^igpur  district  to  the  N.W.  at  Chotd  Barkoi, 
according  to  Lieut.  Sankey  *,  the  sandstone  proper  is  succeeded  down- 
wards by 

Bituminous  shales,  with  fossils ;  and 

Sandstone ; 
and  at  another  locality,  near  the  foot  of  the  Pachmahari  HiUs,  by 

Indurated  clay-stone. 

Green  shale. 

Bituminous  shale,  with  fossils. 

Mr.  Hislop  compares  this  sandstone  formation  with  the  sections 
of  the  neighbouring  regions  pubUshed  by  Newboldf  and  Malcolmson^ 
and  supplied  to  him  by  Dr.  Bell,  and  he  finds  that  often  the  posi- 
tion of  the  shale  with  reference  to  the  limestone  seems  to  vary  ;  and 
that  these  shales,  sandstones,  and  limestones  appear  (from  Dr.  Bell's 
Sections)  to  be  interstratified  at  Kot^  to  the  S.E.,  where  the  shale 
and  limestone  have  yielded  fossil  fish  of  the  genera  Lepidotus  and 
jEckmodus,  associated  with  plants  and  Teleosaurian  remains  §. 

From  a  general  consideration  of  the  character  and  fossils  of  the 
sandstone  formation,  the  authors  regard  it  as  lacustrine  in  origin,  like 
the  Bengal  coal-field,  and  of  the  Lower  Jurassic  age. 

The  metamorphic  and  plutonic  rocks  are  also  noticed  in  detail. 
The  latter  probably  belong  to  sereral  epochs;  and  the  authors  consider 
it  probable,  that,  whilst  one  granitic  outburst  raised  and  broke  up 
the  old  sandstones  previously  to  the  formation  of  the  tertiary  fresh- 
water deposits,  the  pegmatite  of  N^lgpur  was  protruded  at  a  date  even 
subseouent  to  that  of  the  traps  whidi  had  covered  and  again  disturbed 
these  lacustrine  beds.  _^_^ 

5.  Description  of  the  Cranium  of  a  Labyrinthodont 
Reptile  (Brachyops  laticeps)  Jram  Mangali,  Central 
India.    By  Prof.  Owen,  F.R.S.,  F.G.S. 

[Abstract] 

This  fossil  was  obtained  by  the  Rev.  Messrs.  Hislop  and  Hunter 
in  the  sandstone  at  Mangali,  about  sixty  miles  south  of  Nagpur, 

•  Quart.  Joum.  GcoL  Soc.  vol.  x.  p.  55.        f  Joom.  As.  Soc.  vol.  viii.  p.  167. 
t  Trans.  GeoL  Soc.  2  ser.  vol.  v.  p.  541  et  teq, 
i  Quart  Joum.  OeoL  Soc  voL  ▼iii.  p.  233. 
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as  mentioned  in  the  foregoing  Pftper.  It  consists  of  a  conaderable 
portion  of  a  skull,  wanting  chiefly  the  ^mpanic  pedides  and  the 
lower  jaw.  It  is  emhedd^  in  a  block  of  bright  brick-red  compact 
stone,  with  its  upper  surface  exposed.  The  skull  is  broad,  depreffled, 
and  of  an  almost  eauilateral  triangular  form. 

The  breadth  of  tne  occiput  is  4  inches  9  lines ;  and  the  lateral  bor- 
der of  the  skull  measures,  in  a  right  line,  4  inches  6  lines.  The  muz- 
zle is  rounded  and  obtuse.  Most  of  the  cranial  bones  are  impressed  with 
radiating  grooves,  the  intervening  ridges  being  in  some  parts  broken 
up  by  communicating  grooves  into  tubercles.  The  orbits  are  entire 
and  situated  in  the  anterior  half  of  the  skull.  Portions  of  small, 
conical,  pointed  teeth  form  a  single  series  along  the  alveolar  border 
of  the  upper  jaw. 

In  investigating;  the  structure  of  the  occiput,  the  Professor  suc- 
ceeded in  developing  two  well-defined  occipitu  condyles,  not  so  dose 
tc^ther  as  in  the  great  Lahyrintkodon  scUiunandroides,  but  separated 
as  in  Tremato8auru9  and  Arckeffosaurus, 

Afler  a  detailed  description  of  the  several  parts,  as  far  as  the 
abraded  and  otherwise  mutilated  condition  of  the  fossl  would  allow. 
Professor  Owen  states  that  it  allows  so  many  characters  of  the  skull 
of  the  labyrinthodont  batrachians  to  be  determined  as  can  leave  no 
reasonable  doubt  of  its  true  nature  and  affinities ;  and  he  gives  it  the 
appellation  of  Brackyop$*  breviceps,  in  reference  to  the  shortness 
of  the  facial  part  of  the  skull  anterior  to  the  orbits. 


6  Additional  Observations  on  the  occurrence  of  Pipes  and  Fur- 
rows in  CALCAREOUS  and  non-calcareous  Strata.  By 
Joshua  Trimmfr,  Esq.,  F.G.S. 

[Abstract.] 

The  author  considered  that,  for  the  full  understanding  of  the  views 
he  has  taken  on  the  origin  of  sand-pipes  and  furrows  in  and  on  the 
surface  of  strata,  some  further  remarks  were  required ;  and  offered 
these  additional  observations  in  support  of  some  positions  he  has 
taken  in  former  papers  on  the  subject,  and  which,  from  their  not 
having  been  fully  eluddated,  appeared  to  require  some  explanatory 
remarks  in  their  defence. 

*  From  Ppaxitf  short ;  &^,  fiice. 
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On  the  Insect  Beds  of  the  Purbeck  Formation  tit  Wiltshire 
and  Dorsetshire.     By  the  Rev.  P.  B.  Brodie,  M.A.,  F.G.S. 

[Read  June  15, 1853*.] 

Prof.  E.  Forbes,  in  a  valuable  paperf  in  Jameson's  Edinburgh 
Joornal,  was  the  first  to  divide  the  Purbeck  Series  in  Dorsetshire 
into  upper,  middle,  and  lower,  and  to  define  the  varied  conditions 
under  which  the  whole  was  accumulated.  In  this  memoir  he  pointed 
out  that  this  Series  consisted  of  alternations  of  freshwater,  marine, 
and  brackish  water  deposits,  differing  as  much  in  their  lithological 
as  in  their  zooloncal  characters,  giving  us  also  a  new  and  more 
enlarged  view  of  the  distribution  of  freshwater  and  marine  life  during 
this  portion  of  the  Oolitic  period. 

At  the  time  when  I  first  (now  nearly  thirteen  years  ago)  laid  before 
this  Society  an  account  of  the  occurrence  of  Insects  and  other  new 
fossils  in  the  Purbecks  in  the  Vale  of  Wardour,  I  was  induced  to 
consider  the  Insect  and  Isopod  limestones  as  belonging  to  the  lower 
part  of  the  lower  Purbecks.  Since  then,  however,  the  subdivisions 
of  Professor  Forbes,  and  the  joint  investigations  of  my  friends  the 
Rev.  Messrs.  Austen  and  Fisner,  have  led  me  to  examine  the  few 
available  sections  in  the  Vale  of  Wardour  again,  and  to  pay  a  visit 
to  Durlstone  Bay,  in  order  to  institute  a  more  careful  comparison 
between  these  two  distant  portions  of  the  formation, — ^the  result  of 
which  I  now  proceed  briefly  to  describe. 

Fale  of  Wardour. 

The  upper  Purbecks  are  entirely  wanting  in  the  Vale  of  Wardour  J, 
but  the  middle  and  lower  are  tolerably  well  developed ;  although  these 

*  For  the  other  Ck)mmuiiicatioD8  read  at  this  Evening  Meeting,  see  Quart. 
Journ.  GeoL  Soc.  vol.  ix.  p.  317  ei  $eg. 

t  Read  at  the  Meeting  of  the  British  Association  at  Edinburgh,  1850. 

i  For  a  general  Section  of  the  Vale  of  Wardour,  see  *  History  of  the  Fossil 
Insects  in  the  Secondary  Rocks  of  England/  pi.  11,  and  page  1  ei  itg.  See  also 
Trans.  Geol.  Soc  2  ser.  vol  iv.  pt.  2  pi.  7  &  pi.  10  a. 


Digitized  by 


Google 


476  PR0CBBDIN08  OF  THE  GEOLOGICAL.  SOCnSTY. 

fomi  a  very  reduced  equivalent  of  tbe  more  enlarged  and  perfect 
STStem  in  Dorsetshire.  It  is  extremely  difficult  to  get  eood  conse- 
cutive sections  in  Wiltshire,  and  allowance  must  be  made  for  (anhs 
and  denudation ;  but  the  following  section,  in  descending  order,  taken 
at  different  points,  makes  the  order  of  succession  dear  and  definite. 
It  was  drawn  up  by  my  ^end  the  Rev.  O.  Fisher,  and  with  his 
permission  I  subjoin  it  here,  as  it  tallies  in  most  respects  with  a 
section  which  I  had  made  in  the  same  direction,  and  gives  one  or 
two  beds  which  I  did  not  detect. 

Adjoining  Quarries  on  the  south  side  of  the  River  Nadder,  near 
Teffont  Mill. 

MiODiiB  pvaaacKS.  ft  in. 

1.  Brownuh-yellow  day  

2.  Indurated  sand,  in  layers 2    0 

3.  Whitish  sandstone 0    6 

4.  Brown  earth,  with  comminuted  shells 1    0 

6.  <*  Beef"  (fibrous  oarboaate  of  lime) 0    3 

6,  Layer  of  oysters   0    6 

7.  White  earthy  limestone,  with  many  Jreh^eonUei  {A,  Brodiei)  and 

CorbuLe 0  6 

6.  Hard  blue  limestone*,  splitting  into  lamins » 0  2 

9.  Thinly  laminated  white  marly  limestone  and  day  (*'  biscuit "),  con- 

taiaing  itfreJUeofitfeKt  aiid  Fucoids   0  6 

10.  White  sandstone  0  0} 

11.  Reddish-brown  coarse  laminated  sandstone,  with  Ot/rea  and  C]yrcMi  0  5 

(The  contrast  of  colour  here  is  remarkable.) 

12.  Thin-bedded,  white,  soft  limestone 1     8 

13.  Shale,  with  Cjfprii  fueieulmta,  tndVUAi  scales.    This  forms  the 

bottom  of  the  old  quarry. 

Proceeding  to  a  newer  quarry  on  the  east,  the  above  section 
is  repeated  as  far  as  No.  13 ;  and  is  presumed  to  continue  as 
follows : — 

14.  Shale,  with  scales  of  Fish  and  Cyeku  major  ?  on  the  under  side. 

15.  Clay,  with  Ostred  and  lenticular  bands  of  chert,  containing  (^retm 

or  Cjfcku ; 0    4 

16.  dndmf,  with  large  0$trta ;  marly  at  tbe  top,  sandy  at  the  bottOB, 

with  (wtrcltftm  and  Tyifionim , 1  10 

17.  Laminated  sand  and  clay , 0  7 

18.  Very  hard  fine-grained  sandy  rock  ..'. 1  0 

19.  Ditto,  not  so  fine 0  8 

20.  Sandy  rock,  with  casts  of  Cytima  or  Cydikt  0  6 

21.  Fine  white  Umestone,  like  the  Swanage  "  fireestone  "  1  0 

22.  Ribbon  days  and  sands,  with  compressed  shells    1  0 

23.  Hard  crystalline  limestone,  with  comminuted  shells,  C^pru  and 

CycUu 1    6 

Nos.  2 1  and  23  may  be  observed  in  two  small  quarries  where 
there  is  a  lime-kiln,  towards  Teffont ;  and  then  follow — 

24.  Brown  sand,  full  of  crushed  Bivalyes  and  SerjmkB 0    9 

26.  Blue  aad  grey  laminated  day  with  limestone  nodules,  and  thin 

**  beef '^  and  crushed  BitalTCs  1    0 

*  On  the  rising  ground  opposite  this  quarry,  and  about  paraUd  with  Nos.  8  and  9, 
in  a  partial  excavation,  many  years  ago  I  observed  thin  slaty  limestone,  oontainiBg 
traces  of  Insects,  Arehet(mi»eu9,  and  Lqftoigrii  BrodieL 
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This  is  the  lowest  of  the  Middle  Purhecks ;  and  the  Lower  are^ 

LOWER  PUBBSCKS. 

26.  Hard  gray  marly  limestone,  having  a  conchoidal  fracture ;  identical   ft.  in. 

in  appearance  with  the  upper  Insect  heda  of  Ridgway.    Cyprit 

Pvrbeekenrit}  common 3  6 

27.  Dirt-bed    0  3 

28.  Laminated  clay  and  soft  and  hard  marls 1  6 

29.  Hard  marl  with  conchoidal  fracture   0  8 

Bottom  of  quarry. 

In  my  earlier  examination  of  the  Vale  of  Wardour,  some  of  the 
quarries  where  the  above  appear  were  not  worked,  being  only  partial 
excavations  for  stone ;  and  several  others  then  open  are  now  entirely 
closed.  I  had  then  never  observed  the  "  Cinder"  anywhere  in  eitu, 
which  forms  so  good  a  line  of  demarcation  in  Dorsetshire,  occurring 
towards  the  lower  part  of  the  Middle  Purbecks.  A  violent  storm 
had  fortunately  exposed  it  at  the  time  of  Mr.  Fisher's  visit,  in  a  lane 
leading  from  Clhicks-CTOve  to  Teffont,  and  hence  the  connexion  of 
the  Purbecks  in  WiltSire  was  determined  with  greater  accuracy.  It 
therefore  appears  evident  that  the  Isopod  and  Insect  limestones  (pro- 
perly so  called)  overlie  the  "  Cinder."  At  the  eastern  end  of  the  Vale, 
where  they  first  emerge  from  beneath  the  Green-sand,  they  seem  to  be 
much  less  expanded  man  they  are  towards  TefPont,  a  little  further  to 
the  west,  and  although  Jrchaoniecus  is  tolerably  abundant  through- 
out, the  Insects  are  scarcer,  and  not  so  well  preserved.  There  is  no 
doubt  a  certain  general  agreement  in  mineralogical  character  between 
the  Purbecks  in  Wilts  and  Dorset ;  but  in  the  former  case,  where  the 
whole  series  is  so  much  reduced  in  bulk,  it  is  extremely  difficult  to 
make  a  very  correct  or  close  comparison.  The  forthcommg  Memoirs 
of  the  Geological  Survey  will  no  doubt  give  an  accurate  account  of 
them,  while  a  closer  investi^tion  of  the  Mollusks  and  Cyprides  and 
other  fossils  by  Professor  £.  Forbes  will  form  a  complete  and  valuable 
history  of  the  Purbeck  formation  in  Great  Britain. 

Dorsetshire. 

The  Section  at  Burdlestone  Bay,  near  Swanage,  is  now  so  well 
known  that  it  is  unnecessary  to  repeat  it  here.  I  shall,  therefore, 
merely  refer  for  details  to  Professor  Forbes's  paper  above-mentioned, 
and  to  the  Rev.  J.  H.  Austen's  '  Guide  to  the  Geology  of  the  Isle  of 
Purbeck'*','  in  which  a  full  a^ccount  is  given  of  the  strata  and  their 
fossil  contentsf.  The  richest  depositary  of  Insect  remains  at  Durdle- 
stone  Bay,  on  the  coast,  is  in  the  lower  Purbecks,  while  in  Wiltshire 
(with  one  exception)  they  are  confined  to  the  middle  division. 
Ihiring  a  late  visit  to  Swanage,  I  discovered  a  small  wing  in  a  band 

*  Puhtished  as  a  small  pamphlet,  8vo,  by  Shipp,  Printer  and  Publisher,  Bland -^ 
ford,  and  Penney,  Swanage. 

t  Of  course  the  important  and  earlier  papers  by  Dr.  Buckland,  Mr.  Webster, 
and  Dr.  Fitton,  on  the  Dorsetshire  Purbecks,  published  in  the  Geological  Trans- 
actions, must  not  be  forgotten,  for  nothing  was  previously  known  of  the  compli- 
cated  coast  sections  in  Durdlestone  Bay  and  other  places,  nor  of  the  interesting 
organic  Remains  which  their  investigations  brought  to  light. 
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of  hard  blue  limestone,  somewhere  about  No.  31  in  Mr.  Austen's 
list  of  strata"*^,  towards  the  upper  part  of  the  middle  series ;  and  it  is 
worthy  of  remark,  that  this  layer,  and  the  superior  and  infetkir 
beds  connected  with  it,  especially  those  designated  "  Pect^i  Beds," 
bear  a  dose  Uthological  ana  zoological  resemblanoe  to  the  Isopod  and 
Insect  limestones  and  associated  strata  at  Dallards  in  the  Vale  of 
Wardour,  and  their  position  accords  pretty  nearly  with  that  of  the 
latter.  Mr.  Fisher  nas  favoured  me  with  the  following  Section  oi 
the  above  in  descending  order,  about  200  yards  south  of  a  small 
stream,  not  far  from  the  Preventive  Station : — 

ft.   IB. 

Two  or  three  bands  coniistiiig  of  pinkish  shellj  limestone,  with  Cot" 

bmia,  Oiirea,  Ktkd  Cyrena  1  6 

City 0  8 

Hard  sheUy  limestone,  yeUow  on  the  outside,  with  Ottrea  and  Bulla, . .  0  8 
Clay,  passing  from  dark  hlue  at  the  top  to  yellow,  with  a  little  **  beef" 

(fibrous  carbonate  of  lime)    2  4 

Thin  band  of  hard  shdly  stone,  CyprUt  Cardntm,  &c  0  2 

Hard  marly  limestone,  breaking  into  rhomboidal  fragments,  with  In- 
sect remains  0  3 

Ditto,  with  lenticular  masses  of  CdtMs,  and  Insects 0  6 

Brown  and  blue  clay,  with  shells  and  shelly  rubble   2  0 

Marly  shale 0  S 

Hard  calcareous  cream-coloured  and  blue  marl,  splitting  into  rhom* 

boidal  fragments;  lower  part  shaly,  contains  Insects 0  10 

Coarser  and  shelly  stone,  with  Cyprtff 0  4 

Blue  shaly  clay  0  8 

Coarse  shelly  stone 0  5 

Coarse  shelly  stone  and  blue  clay.  

Total 10  9 

The  strata  containing  Insects  in  these  '*  Pecten  beds "  are  some- 
what slaty  in  their  texture,  varying  in  colour  and  hardness ;  the  blue 
sla^limestone,  which  so  closely  resembles  one  of  the  Insect  bands 
in  Wiltshire,  passes  into  a  yellowish-white  fine-grained  stone,  the 
prevailing  colours  being  blue,  white,  and  yellow ;  it  has  a  very  uneven 
fracture.  Traces  of  minute  plants  occur  throughout,  consisting  of 
broken  carbonized  stems  and  rounded  bodies  which  look  like  seed- 
vessels.  I  requested  my  cousin  Mr.  W.  R.  Brodie,  who  resides  at 
Swanage,  and  is  a  most  zealous  and  indefatigable  collector,  to  examine 
the  above  more  closely,  and  he  informs  me  that  he  has  since  found 
a  number  of  wings  and  elytra ;  and  he  has  been  kind  enchigh  to  give 
me  a  small  but  interesting  collection,  from  which  Mr.  Westwood  has 
made  a  selection  for  description  and  figuring. 

The  inferior  Insect-beds  f,  which  consbt  of  two  or  three  distinct 

*  Mr.  Austen  describes  these  as  **  blue  and  cream-coloured  indurated  marls ;  ** 
they  were  probably  deposited  in  brackish  water. 

t  In  order  that  the  Section  may  be  quite  dear  to  the  general  reader,  I  subjoin, 
from  Mr.  Austen's '  Guide,'  a  copy  of  that  portion  of  the  Section  which  includes  the 
richest  Insect  beds,  beginning  with  the  highest  of  the  lower  Purbecks : — 

ft.  in. 

94.  Marly  limestone,  with  thin  band  of  shells 1    0 

95.  Rubbly  marlstone    2    0 

Cream-coloured  marly  limestone  2    0 
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Strata,  occupy  a  rather  central  position  in  the  lower  Purhecks  in 
Durdlestone  Bay,  and  are  well  described  in  the  Section  in  Austen's 
*  Guide  *  above  referred  to.  There  are  two  or  three  white  earthy 
limestones,  like  chalk  more  or  less  indurated,  in  which  relics  of 
Insects  are  most  abundant.  The  middle  one  of  these  is  the  richest, 
especially  for  groups  of  elytra  and  wings,  but  they  are  by  no  means 
confined  to  tms  portion  of  the  formation,  haying  been  noticed  (as 
before  observed)  in  the  **  Pecten  beds "  above,  and  again  lower 
down  at  No.  128  in  Mr.  Austen's  List,  near  the  8econ<l  chert  beds, 
where  they  are  associated  with  Archaoniscus.  Few  or  no  other 
fossils,  except  small  fragments  of  carbonized  plants,  occur  in  the 
white  Insect-beds  at  the  top  of  the  lower  Purbecks.  In  these  I  have 
only  seen  one  small  Fish,  which  was  discovered  by  Mr.  W.  R.  Brodie, 

ft.  in. 

97.  Soft  shaly  band  0  4 

98.  Chcrtybtnd    0  4 

99.  Marly  limestone 1  3 

100.  Robbly  limestone 1  0 

101.  Marly  limestone     0  8 

102.  Rubbly  blue  marly  limestone 3  0 

103.  Rubbly  white  marly  limestone  4  0 

104.  Marly  limestone,  with  vegetable  remains,  wings,  elytra,  and  bodies 

of /nMc/f,  abundant  in  patches    3    0 

105.  Slaty  marl  1    6 

106.  White  marly  limestone,  with  a  harder  band  in  the  centre,  con- 

taining iiiMc/ and  vegetable  remains  4  0 

107.  Blue  slaty  mart  1  6 

108.  Ikrd  marly  limestone 1  6 

109.  Blue  slaty  marl  1  6 

110.  Laminated  sandy  marl,  with  traces  of  Vegetables,  Fish-scales, 

SerpukB,  smaU  Cardhtm,  and  a  cherty  band  with  Mekmia. 

111.  Marl,  with  C^pridet  and  shells  {Leda) 1  6 

112.  Shrty  marls 4  0 

113.  Marly  limestone,  containing  Imectt  and  a  branching  Plant  2  0 

114.  Blue  laminated  shales  and  marl  and  gypsum   3  0 

[The  beds  here  are  hidden  by  the  faUen  cliff.] 

115.  Slaty  marL 

116.  Cream-coloured  marl,  fiill  of  shells  (Ciinfntm),with  vegetable  and 

Inteci  rtmama    2    6 

117.  Cherty  band,  full  of  shells,  chiefly  univalves,  and  Cypridet.    A 

small  Ctmiliim  abundant  0    4 

118.  Slaty  coloured  marls  1    6 

119.  Indurated  marls,  «fy/ra  (2/* /fiMc/f,  Cyy/rttteff,  and  Univalves  3    0 

120.  Bluish  marl. 

121.  Indurated  marl,  with  many  Bivalves. 

122.  (Cliff  disturbed.) 

123.  (Ditto,  and  contains  blocks  firom  several  beds.) 

124.  Cypris  shales  3    0 

125.  Indurated  marl  and  shales  alternated ;  with  vegetable  renuuns  and  1 

Jrchtfoniicui V4     6 

126.  Band  of  white  marl,  vertically  cracked J 

1 27.  Hard  band,  containing  ^rcA^onttctM   0    5 

1 28.  Blue  and  brown  indurated  marl,  with  a  large  species  of  Archato^ 

tutciM,  Cyprides,  Etth^ria,  and  shells. 

*  The  whole  of  the  above  were  deposited  in  brackish  water ;  and  it  is  worthy  of 
remark,  that  here  we  have  the  greatest  number  and  variety  of  Insect  remains. 
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and  he  liberally  presented  it  to  me.  I  forwarded  this  spedmen  to  Sir 
Philip  Egerton,  who  states,  that  it  most  nearly  resembles  the  curious 
genus  NothommuMy  but  it  is  too  imperfect  to  warrant  any  decided 
opinion  upon  the  subject,  as  the  tail  and  dorsal  fin  are  deficient.  He 
is  indined  to  think  that  it  will  ultimately  prove  to  be  a  new  genus. 

The  position  of  the  strata  containing  Insects  at  Bidgway  near 
Weymouth  is  not  exactly  the  same  as  at  Durdlestone  Bay  (Nos.  103 
to  1 19,  Mr.  Austen's  List),  though  it  agrees  pretty  nearly  with  the 
latter.  In  the  neighbourhood  of  Dorchester  they  are  somewhat 
harder,  but  the  prevailing  colour  is  much  the  same,  and  do  insect 
remains  have  as  yet  been  observed  there  higher  than  the  lower 
Purbecks. 

Observations  on  the  Organic  Remaint. 

No  Jrehaoniscus  has  yet  been  met  with  at  Durdlestone  Bay  higher 
(I  believe)  than  No.  58  in  Mr.  Austen's  list  of  the  strata,  not  far 
above  the  "  Cinder "  in  the  middle  Purbecks,  where  the  brackish- 
water  series  commences  in  a  bed  of  shaly  blue  and  brown  marl,  in 
which  I  found  the  claw  of  an  Aatactts.  -  In  all  probability,  that 
portion  of  the  series  from  Nos.  55  to  70  (middle  Purbecks))  which 
immediately  reposes  on  the  '' Cinder,"  most  nearly  corresponds 
with  the  Section  at  Tefibnt  from  Nos.  10  to  15.  At  ballards  th»e 
are  p;rits  and  shaly  stone  associated  with  the  Insect  limestone,  con- 
taining Ostreoy  VyelaSy  Cypris,  and  numerous  scales,  teeth,  and 
coproUtes  of  Fish  and  Saurians.  The  first  appearance  of  Areh^eo* 
nisctts  is  in  the  basement-beds  of  the  lower  Purbecks ;  occurring  in 
the  Cap  at  Chicks-grove,  in  the  Vale  of  Wardour,  where  I  pro- 
cured some  of  very  large  size,  associated  with  OphiopsU  breviceps. 
Barton  (Surv^  Mem.  Decade  6.  pi.  6),  and  a  few  elytra.  At 
Bidgway,  near  Weymouth,  the  same  stratum,  undistinguisliable  from 
the  Cap  in  Wilts,  contains  numerous  fragments  of  ArclueonUeus 
and  Fish ;  but  the  former  has  never  yet  b^n  detected  there  entire. 
This  cnistacean  appears  to  be  limited  to  the  ''  Cap ;"  here  at  least  it 
has  not  been  observed  higher  up  in  the  Section.  It  occurs  again, 
abundantly  and  in  clusters,  towards  the  lower  division  of  the  middle 
Purbecks,  accompanied  by  a  few  elytra,  in  Durdlestone  Bay  (Nos.  1 25 
&  127,  Mr.  Austen's  List),  and  again  in  No.  58  higher  up;  in 
both  cases,  in  bands  of  blue  shale  and  marl,  more  or  less  indurated, 
both  of  which  were  deposited  in  brackish  water.  The  jdrckteonisei 
vary  in  size,  but  the  prevailing  species  appears  to  be  the  A.  Brodiei 
(M.  Edwards),  thoueh  it  is  probable  that  another  species  will  ulti- 
mately be  determined. 

With  respect  to  the  general  character  of  the  Insect  remains  in  the 
lower  Purbecks  in  Dorsetshire,  it  appears,  from  Mr.  Westwood's 
investigations*,  that  they  agree  closely  with  those  which  mark  the 

*  Those  who  are  awtre  of  the  imperfect  and  fragmentary  state  in  which  most 
of  the  Insect  remains  occur  in  various  formations  in  this  country  will  anderstand 
the  difficulty  of  the  task  which  Mr.  Westwood  has  undertaken  in  eladdating  tbdr 
true  characters,  and  will  duly  appreciate  the  result  of  his  labonrs.  The  heaaty 
and  accuracy  of  the  plaftes  require  no  comment. — [Aug.  14, 1854. — P.  B.  B.] 


Digitized  by 


Google 


BRODIE — PURBBCK  INSECT  BEDS.  481 

middle  Porbecks  in  Wiltshire,  although  the  Cyprides  and  shells  in 
the  former  are  quite  distinct  from  those  in  the  latter.    The  Insects 
in  the  middle  division  especially  bear  a  near  resemblance  to  those  in 
the  Vale  of  Wardour,  and  consist  chiefly  of  wings  and  elytra.  These 
are  from  the  "  Pecten  beds,"  Nos.  31  e^  seq.    Many  of  them  indeed 
are  identical,  some  few  agreeing  with  species  in  the  lower  beds,  and 
some  (apparently)  with  those  of  the  Lias,  and  a  few  may  be  new. 
The  elytra  and  wings  are  genendly  detached,  rarely  collected  together 
in  masses,  lying  in  different  portions  of  the  stone,  and  not  in  par- 
ticular layers.    They  are,  however,  remarkable  for  their  beautiM 
state  of  preservation,  the  elytra  usually  retaining  their  elytrine  or 
chidne,  and  the  wings  their  most  delicate  nervures  and  colouring. 
In  this  they  present  a  contrast  to  the  insect  relics  in  the  inferior 
strata.     They  are  occasionally  mingled  with  Corbula,  Cyclas,  and 
Cypris.    The  wing-covers  of  beetles  are  tolerably  abundant,  but  of 
small  size.     I  have  observed  only  one  perfect  Beetle,  a  few  minute 
but  peculiar  larvse,  abdomens,  and  onlv  one  entire  dipterous  (pro- 
bably) insect.    The  detached  wings  consist  chiefly  of  Gtyllusy  Acheta, 
BlattOy  and  Libellula,  most  of  i^ich  seem  to  be  identical  with  spe- 
cimens figured  from  the  Vale  of  Wardour  (see  **  Fossil  Insects," 
plates  2,  3,  4,  5,  6).     One  very  beautiful  wing  resembles  the  Ephe- 
mera of  the  Idas  (ibid,  pi.  10.  flg.  14).     In  the  lower  beds  (from 
Nos.  94  to  128  in  Mr.  Austen's  Section,  some  of  which  he  denomi- 
nates "Insect  beds,"  and  which  form  the  top  of  the  lower  Purbecks, 
see  note,  p.  478),  elytra  are  very  abundant,  grouped  together  in 
clusters,  especially  in  one  particular  stratum  at  Durdlestone  Bay  and  at 
Ridgway  near  Dorchester.     As  many  as  sixty  or  seventy  elytra  and 
several  wings  and  bodies  have  been  counted  on  one  small  slab.    The 
elytra  generally  retain  their  delicate  sculptured  markings,  and  some- 
times uie  colour.     They  are  mostly  small,  though  a  few  larger  spe- 
cimens have  been  met  with ;  some  are  of  great  size,  much  larger 
than  any  I  ever  procured  in  the  Vale  of  Wardour,  and  rather  more 
so  than  the  largest  elytra  from  the  Stonesfield  slate.    A  few  attached 
elytra  occur,  but  perfect  beetles  are  extremely  rare,  only  three  or 
four  having  been  noticed.     At  Ridgway  a  very  peculiar  pupa  is 
rather  characteristic,  and  a  small  beetle,  aUied  to  Notoneetis,  which 
is  an  aquatic  species ;  and  this  possibly  may  account  for  its  being 
found  entire,  wnile  all  the  terrestrial  ones  are  disjointed  and  imper- 
fect.    The  grouping  together  in  masses  is  one  distinctive  feature  in 
the  insect  remains  from  the  lower  Purbecks  in  Dorsetshire;   the 
wings  too  are  usually  broken,  and  portions  of  Insects  are  scattered 
about  in  all  directions,  and  the  whole  appear  to  have  been  carried 
down  a  stream  of  some  violence,  and  deposited  at  a  considerable 
distance  from  their  origmal  habitats.     At  any  rate  they  must  have 
been  exposed  to  some  very  destructive  agency  before  they  were  im- 
bedded ill  the  mud  of  the  waters  in  which  they  floatedf.     In  this 
respect  they  differ  from  those  in  the  Vale  of  Wardour,  and  in  the 
Lias  genendly.  The  smaller  number  of  entire  insects  (scarcely  any  in 
fact)  is  to  be  noted. 

At  Ridgway  the  masses  of  elytra  have  one  uniform  direction ;  as 
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if  indicfttiog  the  course  of  the  current.  This  is  not  so  much  the  case 
at  Durdlestone  Bay.  Some  gigantic  winss  of  NeurcpterOj  rarely 
perfect,  are  rather  prevalent ;  mere  are  uso  wings  of  Gfylius  and 
other  Orthoptera^  associated  with  some  Blattte,  Homoptera,  and 
other  families.  A  very  laree  collection  of  Insects  has  heen  made  from 
the  Dorsetshire  Porbecks*  by  the  officers  of  the  Geological  Snrrey, 
and  by  Messrs.  W.  R.  Brodie,  Austen,  Fisher,  and  WiUcox.  I  am  in- 
debted to  the  kindness  and  generosity  of  Mr.  Brodie  for  the  greater 
part  of  the  specimens  in  my  cabinet,  and  I  have  to  thank  the  last- 
named  gentleman  for  the  loan  of  his  valuable  collection  of  insect 
exuviae,  which  also  were  sent  to  Mr.  Westwood  for  examination. 

P.S. — I  cannot  conclude  without  referring  to  the  interesting  and 
important  discoveiy  of  Mammalian  and  Reptilian  remains  near 
Swanage,  b^  Mr.  W.  R.  Brodie  and  Mr.  Wilcox,  which  have  been 
lately  described  by  Professor  Owen.  These  consist  of  two  small 
lizards  (Nuthetes,  from  No.  84  of  Mr.  Austen*s  Section,  and  Macd- 
ioduSf  from  No.  93)  and  a  small  Mammal  {Spalacotherium,  also  from 
No.  93 1),  most  closely  resembling  the  Thylacotherium  of  the  Stones- 
field  slate.  Professor  Owen  considers  both  the  Mammal  and  the 
Reptiles  to  have  been  insectivorous ;  and  although  the  presence  of 
insects  would  have  led  to  the  inference,  as  I  have  elsewhere  observed  {, 
that  some  insectivorous  animals  must  have  existed  contemporaneously, 
it  is  extremely  interesting  to  be  able  to  prove  the  fact ;  and  we  are 
greatly  indebted  to  the  ze^  and  enei^  of  the  discoverers  for  bringing 
these  remains  to  light. — [August  14,  1854.] 

*  Not  long  tfter  Prof.  Forbes's  discovery  of  a  few  insect  wings  in  the  Hastmgs 
Sand  in  the  Isle  of  Wight,  Mr.  W.  R.  Brodie  sent  me  a  fragment  of  a  wing  from 
the  Hastings  sand  at  Swanage  Bay,  north  of  the  town.  Since  then,  Messrs.  W. 
and  H.  Binfieid  have  detected  numerous  insect  remains  throughout  the  Wealden 
Series  near  Hastings.  See  Quart  Joum.  GeoL  Soc  for  May  1854.— [Aug.  14, 1854. 
—P.  B.  B.] 

t  This  bed  occurs  in  the  "  Marly  middle  freshwater  series  **  of  Prof.  E.  Forbes, 
and  is  the  basement-bed  of  the  Middle  Purbecks. 

t  Fossil  Insects,  p.  112. 
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On  the  Fossil  Plants /owm/  in  Amber. 
By  Professor  Gobppbrt. 

[Berlin  Actdemy,  Balletin,  1853,  pp.  450-476;  and  Leonhardu.  Bronn'tN.  Jthib. 
f.  Min.  U.8.W.  1853,  pp.  745-749.J 

Since  Prof.  Goeppert  recognized  the  Taxoditea  dubius,  of  Stem« 
bere,  which  occurs  abundantly  in  the  plant-bed  at  Schosnitz,  Silesia, 
as  the  Taxodium  distichum.  Rich.,  now  Hving  in  the  southern  parts 
of  the  United  States  and  in  Me&ioo>  and  found  also  some  fossil  Planes 
from  Schosnitz  to  be  identical  with  hving  species,  thus  pointing  out 
the  identity  of  some  tertiary  plants  with  the  living,  he  nas  had  the 
opportunity  of  eicamining  a  collection  of  570  specimens  of  Amber, 
containing  plant-remains,  belon^g  to  M.  Menee,  of  Dantzic,  and 
30  specimens  bequeathed  by  M.  Berendt.  With  these  the  author  has 
been  enabled  to  raise  the  number  of  the  species  of  plants  in  the  Amber 
Flora  from  44  to  1 63 ;  of  which  only  Libocedrites  9alicomioide§ 
and  TaxoditeM  EuropcBus  occur  fossil  out  of  the  Amber ;  and  30  are 
identical  with  existing  species.  The  constitution  of  the  Amber  Flora, 
as  at  present  known,  is  shown  in  the  following  table*. 

Nnmber  of    Number  identictl  with 
Species.  existing  Species. 

Planta  cbllularbs. 

I.  Fungi 16      4,  certainly;  perluuM,  all. 

II.  Alg«  1       1 

C  6  or  7  (with  species  on  the 

III.  Lichcnes 12  \      E.  and   W.  coasU  of 

L      Arctic  America). 

IV.  Mtttdheprtici:     l39,peci«ens.    11       11 

Jungermanmeae  J         '^ 
V.  Mtt«nfrondo«  19  |2  orS.cerUinJy,  periup.. 

PLANTiB  VA8CULARK8. 

III.  Cryptogamae  (Acotyledones). 
Fitioes. 
Pecopteris  Humboldtana,  Gopp, 
Bf  Behr, 

♦  Por  the  lists  of  genera  and  species,  see  the  works  above  referred  to. 
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IV.  Monoootyledoiiefl. 
CyperaoeK. 

Carez  ezimia,  CHipp.  Bf  Mempe. 
Onxmnem. 

VngmentM, 


Nnmbo'  of    Nomber  identical  wilii 
Spedet.         enstiBg  Spedo. 


Alisma  pkntaginoides,  Giipp, 
4*  Menge. 
V.  Gymnofpermae. 

CapreMmeaB    20  2 

Abietme»    31*  1 

Gnetacee 1 

VI.  Monochlamydes. 

BetulaoeK   2 

Capulifene 10 

Salicinefle 3 

VII.  CoroUiflone. 

£riciiie« 22  3 

VacdneK 1 

Primulaoeae 2 

Verfaaaces  2  1 

SolaneK 1 

ScrophulariiieK  1 

Lonicereae  1 

VIII.  Choristopetals. 

LorantnesB  

Crassulacec    1  I 

The  whole  Flora  as  yet  known  consists  of  24  Families^  64  G«i^« ; 
comprising  163  speciesf. 

The  foUowiog  are  die  general  results  of  Prof.  Goeppert's  re- 
searches. 

A  considerable  number  of  tertiary  species  of  plants  (espedaJly 
Plantm  eellularea)  are  still  living. 

The  flora  of  the  Amber  being  destitute  of  tropical  and  sub-tropical 
forms,  it  is  to  be  referred  to  tl^  Pliocene  perioa. 

The  remains  only  of  forest-plants  have  been  preserved  in  the 
Amber. 

This  flora  much  resembles  the  present,  especially  in  the  Cellular 
plants ;  the  Cupressineie,  however,  are  now  almost  wholly  wanting  in 
our  latitudes,  and  the  Abietinea  and  the  Ericinem  are  not  abundant. 
The  four  species,  of  Tlima,  Andromeda^  and  Sedum,  which  are  iden- 
ticfll  with  the  living,  are  indeed  northern  forms ;  on  the  other  hand, 
the  Liboeedrus  CMlensis  is  found  on  the  Andes  of  Southern  Chili. 
-  The  flora  of  the  northern  parts  of  Europe,  Asia,  and  America  is  at 
present  less  rich  in  spedes  of  Cupresnne€e  and  Abietine^s^  than  that 
of  the  Amber ;  although  it  possesses  some  of  the  spedes  found  in 
the  latter :  nor  are  the  existmg  northern  spedes  of  CcnifenB  so  rich 

*  Of  these,  dght  (the  tpedet  determined  from  the  fossil  wood)  afford  Amber, 
t  The  number  of  spedes  may  probably  be  raised  to  about  180,  by  additions  frfwi 
about  50  spedmens  of  which  the  relations  are  barely  determinable. 
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in  resinous  prodacts,  as  were  the  trees  of  the  Amher- flora,  with  which 
the  Damara  AuatraUB^  of  New  Zealand,  can  alone  in  this  respect  he 
compared ;  the  branches  and  twigs  of  this  tree  being  stiff  with  white 
resin-drops. 

If  we  take  into  consideration  the  enormous  extent  whidi  the 
forests  of 

Abies  alba,  Abies  ovata, 

nigra,  Larix  Dahurica, 

bi&amea,  Sibirica,  and 

Sibirica,  Pinus  Cembra, 

at  present  attain  in  North  America  and  Northern  Asia,  we  are  led  to 
infer  a  similar  extension  in  former  times  of  the  Amber-forests  through- 
out the  northern  regions ;  to  which,  indeed,  the  wide  distribution  of 
amber  in  the  late  tertiary  deposits  of  North  America,  Holland,  North 
Germany,  Russia,  and  Sibena  to  Kamtschatka  bears  evidence. 

If  we  judge  from  the  proportion  which  the  fir-forests  bear  to  the 
rest  of  our  northern  flora  generally,  we  shall  infer,  from  the  preva- 
lence of  the  Com/era  in  the  Amber,  the  existence  of  a  very  rich 
flora  contemporaneous  with  the  latter,  and  of  which  but  a  small  part 
has  as  yet  been  presented  to  our  notice.  Germany  contains  6800 
species  of  CryptogamcBi  according  to  Rabenhorst,  and  3454  species 
of  Pkaneroganue,  according  to  Koch.     The  proportions  are— 

Ths  Gbrmam  Flora.     Turn  Ambsk  Flora. 
Classes.  Species.  Classes.   Spedes. 

Cryptogamas  8         6800   6  60 

FsniUies.  Species.         Families.  Spedes. 

Phanerogams     135         3454    20  102 

Cupuhferse  12    10 

Eridnes 23    24 

Proportion  of  trees  and  plants    -{3121}=^  =  ^^    {^}=^®*  ^ 

Amber  is  never  found  isolated  in  large  or  small  masses  in  the  bitu- 
minous wood  of  the  Brown-coal  with  resin-ducts  of  a  single  row  of 
cells,  which  never  contain  yellow  masses  of  resin,  but  only  dark- 
brown  transparent  resin-drops,  as  in  the  Cuprestinea,  or  the  Cupret- 
sinoxylon  of  Goeppert.  The  compound  resin-ducts  of  the  Jbietinea 
alone  are  filled  with  amber. 

It  is  probable  that  the  amber  and  its  plant-remains  have  been 
drifted  to  the  places  in  which  they  are  now  found.  The  author 
knows  of  no  well-authenticated  instance  of  the  occurrence  of  amber 
in  the  Brown-coal  formation  itself;  it  occurs  in  the  drift-beds  above 
it,  where,  however,  it  does  not  appear  to  have  originally  belonged. 
Scheerer  has  found  it  in  Norway ;  von  Brevem,  at  Gischiginsk  in 
Kamtschatka ;  Rink,  in  Haven  Island,  near  Disco  Island,  Greenland ; 
and  in  these  instances  it  is  generally  in  drift-beds.  The  supposition, 
however,  that  it  belongs  to  the  Drift-period,  is  difficult  to  substan- 
tiate, the  flora  of  that  period  being  as  yet  but  little  known.    The 
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Stomach  of  the  fossil  Mastodon  found  in  New  Jersey  contained  twigi 
of  Tkuia  oecidentalU  (found  in  the  Amber-flora)  ;  and  in  the  Ene 
Canal,  in  New  York  State,  at  a  depth  of  1 18  feet  there  have  been 
found  freshwater  shells,  together  with  portions  of  Abies  Ccmadenm, 
which  still  grows  in  the  neighbourhood,  and  leaves  of  which  are 
recognized  (though  with  some  doubt)  in  the  amber.  The  fossil  wood 
of  the  Drift-beds  of  Siberia,  also,  is  nearly  related  to  that  of  the 
present  day*. 

The  height  at  which  amber  is  found  at  the  Castle  on  the  Riesen- 
gebirge  near  Helmsdorf  is  nearly  1250  feet  [German]  above  the 
sea  level,  and  at  Grossman's  Factory  near  Tannhausen  at  1350  feet. 

The  amber  is  not  derived  from  one  species  of  wood  only  (Pudtet 
succini/er),  as  Prof.  Goeppert  formerly  thought,  but  also  nrom  eight 
other  species,  indudino;  the  Pinus  Rinktanus,  in  which  Vaupelt  ob- 
served the  amber  of  Disco  Island. 

It  is  probable  that  all  the  Abietinea  and  perhaps  the  Cnqpremnett 
have  furnished  their  share  of  the  resinous  matter  (at  first  consisting 
of  various  specifically  different  resins)  that  afterwards  by  fossilization 
became  amber ;  and  this  is  supported  by  the  author's  experiments  in 
the  formation  of  amber  from  resin  by  the  wet  process,  as  in  his  expe- 
riments on  the  formation  of  coal  from  recent  plants f. 

In  form  the  amber  is  either  like  drops,  indicative  of  a  former 
semi-fluid  condition,  or  as  the  casts  of  resin-ducts  and  cavities.  Large 
nodular  masses  occur,  which  must  have  been  accumulated  in  the  lower 
part  of  the  qtem  or  the  root,  as  in  the  Copal  trees. 

[T.R.J.] 

On  the  GosAr  Flora,  near  Salzburg. 
•    By  Dr.  Constantine  von  Ettingshausen. 

[Jabrb.  K.  K.  GeoL  Reichsanstalt,  1853,  No.  1.  p.  168.] 

The  fossil  flora  of  the  Gosau  marls  of  Aigen,  near  Salzburg,  presents 
several  analog:ies  with  that  of  the  Gosau-formatiou  of  the  Wand, 
near  Wiener-Neustadt.  Remains  of  Oeinitzia  eretacea,  Endl.,  and 
of  Flabellaria  longirhachisy  Ung.,  are  plentiful  at  both  localities. 
There  are  also  found  at  Aigen  some  species,  as  Pterophyllum  creto- 
stun,  Reich.,  and  Cunninghamites  oxycedrtts,  Stemb.,  which  hitherto 
have  been  met  with  only  in  the  chalk-beds  of  Niederschona  near 
Freiberg.  The  Dicotvledons,  which  make  their  first  appearance  in 
the  chalk-period,  are  here  represented  by  some  new  and  particularlj 
interesting  forms.  Our  knowledge  of  the  Cretaceous  flora,  as  yet 
so  little  examined,  is  therefore  much  increased  by  means  of  this 
locality,  the  discovery  of  which  we  owe  to  M.  Lipoid. 

[T.  R.  J.] 

[♦  See  Quart.  Journ.  Gcol.  Soc.  vol.  v'u  Part  2.  Miscell.  p.  66.--TRAWtL.] 
[t  See  Quart.  Journ.  Gcol.  Soc  vol.  tL  Part  2.  Miscell.  p.  33.— Teansl.] 
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On  the  Silurian  Crustacea,  Ftbropoda,  and  Cephalopoda 
o/*  Bohemia.    Bj  M.  J.  Barrandb. 

[Leonhard  a.  Bronn^s  N.  Jahrb.  fiir  Min.  u.  s.  w.  1854,  pp.  1-14.] 

In  a  letter  to  Professor  Bronn,  M.  Barrande  eiyes  the  following 
interesting  account  of  the  su^ect-matter  of  the  Second  Part  of  his 
great  wo^  on  the  Silurian  Formation  of  Bohemia,  on  which  he  is 
at  present  actively  engaged.  This  forthcoming  volume  will  treat  of 
the  remainder  of  the  Crustaceans,  and  the  Molluscs  helonging  to  the 
Pteropod  and  Cephalopod  Classes. 

Crustacea, — ^Already,  as  a  supplement  to  the  First  Volume,  says 
M.  Barrande,  I  have  some  new  Trilobites,  two  species  of  which  are 
quite  distinct  from  any  yet  descrihed, — Ampyx  gratus  and  Bronteus 
Clementinue.  The  latter  is  distinguished  bv  having  as  many  long 
spines  as  there  are  ribs  on  the  pygidium.  f  have  also  materials  for 
completing  the  description  of  some  of  the  as  yet  imperfectly  known 
species,  as  Trilobites  mutilus^  Homalonotus  Bohetnicus,  and  others. 

The  other  crustacean  fossils  belong  to  families  very  different  from 
those  of  our  existing  seas.  Firstly,  some  very  imperfect  remains, 
which  I  refer  to  the  genus  Eurypterus ;  and,  secondly,  fragments  of 
different  species  of  Pterygotus,  which  have  much  resemblance  to  those 
portions  figured  and  described  by  Mr.  Salter  in  the  Quart.  Joum. 
Qeol.  Soc.  vol.  viii.  p.  386.  pi.  xxi.  Thirdly,  of  the  forms  which  in  a 
former  letter  I  referred  to  as  CeratiocaH^^Leptocheles*,  M*Coy,  I 
distinguish  three  species,  and  am  acquainted  with  the  whole  animal, — 
its  two  flaps  and  the  tripartite  caudal  extremity  (Jahrb.  1853,  p.  342). 
This  animal,  which  I  have  noticed  as  occurring  in  France,  the  United 
States,  and  in  England,  appears  likely  to  be  a  characteristic  fossil 
of  the  Third  Silurian  Fauna. 

Fourthly,  the  family  of  Cytkerinid€e  has  already  supplied  me 
with  upwards  of  30  species,  with  individuab  from  2  to  60  and  80 

[*  Thus  given  in  the  original.  The  genera  CeratiocttrU  and  Leptoehelet  are 
very  distinct,  according  to  Ptof.  M'Coy's  descriptions  and  figures.  DitkyrocarU 
may  probably  include  the  forms  alluded  to.  See  alio  Prof.  J.  Hall's  Palaont.  New 
York,  vol.  iL  pL  71. — ^Transl.] 
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millem.  in  length.  This  family  thus  presents  its  greatest  develop- 
ment as  to  size  at  this  the  earliest  period  of  its  existence.  Fifthly, 
there  also  occur  various  fragments  of  large  Crustaceans,  which  I 
cannot  as  yet  refer  to  any  known  genus  or  even  family. 

Pteropoda. — ^The  Class  of  Pteropods  in  the  Silurians  of  Bohenua 
affords  a  somewhat  large  numher  of  forms,  belonging  to  two  genera, 
Conularia  and  Theca  {Pugiunculus) ;  of  the  former  I  enumerate  about 
1 7  species,  and  of  the  latter  20  species.  It  is  very  difficult  to  obtain 
perfect  specimens  of  Conularia^  particularly  of  the  larger  species  oc- 
curring in  the  schists.  I  have,  however,  succeeded  in  getting  suffi- 
cient to  show  the  specific  characters.  The  figure  of  a  fragment  of  C. 
grandU  occupies  the  whole  of  one  of  my  plates.  I  have  found,  more- 
over, that  the  surface-ornament  of  the  shell  is  subject  to  considerable 
variations  in  passing  from  the  young  to  the  adult  state.  In  the  case 
of  C  proteica,  portions  of  which  are  very  well  preserved  in  the  lime- 
stones of  my  Upper  Division,  very  many  species  might  easily  be  made 
out  by  any  one  studying  singly  the  several  individuals  found  even  in  one 
locality,  much  more  specimens  firom  different  localities.  Appearances 
resulting  from  the  difference  of  the  inner  and  outer  layers  of  the 
shells  may  also  easily  mislead.  The  genus  Pugiunadus  was  so 
named  by  me  in  1 847  (Jahrb.  p.  554),  not  being  then  acquainted  with 
the  name  ThecQy  established  for  it  by  Sowerby  and  Morris  a  short  time 
previously*,  and  which  therefore  has  the  priority.  Since  then  this 
form  has  been  recognized  as  an  apparently  characteristic  fossil  in 
most  of  the  Silurian  regions.  I  have  recognized  it  in  Vhe  Primordial 
Fauna  of  Bohemia,  as  well  as  in  that  of  the  United  States.  It  occurs 
also  in  the  Second  Silurian  Fauna  of  Bohemia,  England,  Portugal, 
France,  the  United  States,  New  Zealand,  &c.  It  is  continued  also 
into  the  Third  Fauna;  and  MM.  Sandberger  have  described  two  qie- 
cies  of  this  genus  in  the  Devonian  Fauna  of  the  Rhenish  district. 

I  may  here  remark  that  I  have  discovered  an  operculum  [^Deckel] 
with  this  shell,  in  the  first  instance  with  T.  Hriattda;  and  I  have 
hereby  been  enabled  to  recognise  the  true  nature  of  certain  similar 
but  disconnected  bodies  whicn  I  had  met  with.  These  covers  of  the 
TJieca  are  easily  known  by  their  triangular  outlinef*  corresponding 
to  the  transverse  section  of  the  Theca  itself,  the  form  of  which  is  that 
of  a  more  or  less  elongated  [three-sided]  pyramid. 

Cephalopoda. — ^The  Cephalopoda,  as  a  Class,  are,  as  I  have  else- 
where said,  the  richest  in  species  of  all  the  Classes  of  animals  that 
have  formerly  existed  in  the  Silurian  basin  of  Bohemia.  Although  I 
am  not  quite  prepared  with  the  descriptions  of  all  the  species,  I  be- 
lieve their  number  may  be  estimated  at  from  280  to  290  ;  whilst  of 
Trilobites  I  have  described  only  253  species.  The  large  number  of 
the  species  of  these  Cephalopods  is  in  strong  contrast  with  the  small 
number  of  their  genera.  I  know  of  but  ten  genera  in  the  Bohemian 
basin. 


I 


♦  Strelecki's  New  South  Wales,  1845,  p.  289.— Transl.] 

t  Figares  of  the  Theca  and  its  operculam  (together  with  illastratioiit  of 


Cephalopodoas  thellB,  are  given  in  a  plate  in  the  Jahrbnch,  aocompanying  the  ori- 
gioul. — Transl.] 
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NAUTiLiDiB.  Gompboceras 16 

Naatiliu 5       Phragn^occrat    12 

Lituites 4       Ascoceras  6 

Gyroceras  4 

Trochocerai  22  Ammonitid*. 

Orthoceras 130       Goniatitet 6 

Cyrtooena 80  

Total...  285  species. 

Were  I,  however,  to  proceed  according  to  the  method  of  some 
palaeontoli^ists,  I  could  easily  double  the  number  of  genera.     Thus, 
m  Cyrtoeeras  there  are  species  with  a  dorsal  siphuucle,  others  with  a 
rentral,  and  others  again  with  a  central  siphuncle  ;  which  would  be 
sufficient  with  some  authors  for  the  establishment  of  three  genera. 
But  I  belicTe  that  science  would  gain  nothing  from  such  minute  sub- 
division ;  and  since  no  better  generic  characters  present  themselves, 
I  keep  these  forms  together.     The  same  holds  ^d  of  the  genera 
Cromphoceras  and  PhragmocertUy  in  which  the  position  of  the  siphuncle 
is  subject  to  considerable  variation.     For  similar  reasons  to  the  above, 
I  keep  t(^ther,  under  Orthocerasy  all  the  straight  forms,  whatever 
position  the  siphuncle  may  take,  and  no  matter  whether  it  be  cylin- 
drical or  swollen  between  the  septa.     Indeed  I  should  much  rather 
be  disposed  to  lessen  the  number  of  the  genera  of  these  Cephalopods ; 
since  most  of  the  above-mentioned  ten  types  aifbrd  transitions  one 
into  another;  that  is,  there  are  species  combining  characters  that  have 
been  hitherto  ascribed  to  different  genera.    Thus,  among  my  Ortho- 
cerata,  there  are  several  species,  all  the  specimens  of  which  are 
slightly  curved  towards  the  point,  the  rest  of  the  shell  being  quite 
straight.     Other  species  present  when  in  fragments  the  aspect  of 
Orthoceras,  but  in  a  perfect  condition  they  have  the  form  of  a  flat- 
tened arch.     Lastly,  there  are  others  which  are  always  very  short 
and  conical,  like  the  phragmocone  of  a  Belemnite,  and  are  straight  on 
one  side  and  arched  on  the  other.     Should  these  forms  be  arranged 
with  CyrtoceraSf  on  account  of  their  curvature ;  or,  regardless  of  this, 
should  we  leave  them  with  Orthoceras,  with  which  they  agree  in 
other  respects — in  general  aspect,  the  circular  section,  the  central 
siphuncle,  round  aperture,  &c.  ?    This  is  a  question  which  I  can- 
not answer,  and  which  I  leave  to  better  judges.     At  all  events,  these 
species  form  a  transitional  group  between  the  genera  Orthoceras  and 
Cyrtoeeras.    Another  instance : — among  my  species  of  Trochoceras 
there  are  some  with  a  high  and  turreted  spire,  and  there  are  others 
having  similar  general  characters,  but  with  so  flattened  a  spire  that 
we  should  be  inclined  to  connect  them  with  Lituites  or  GyroceraSy 
if  their  habit  were  not  clearly  that  of  the  turreted  forms. 

I  could  enumerate  many  such  examples,  where  one  genus  presents 
a  transition  into  another ;  but  reserving  these  for  my  Second  Volume, 
I  will  confine  myself  here  to  the  extraordinary  resemblance  of  the 
forms  among,  and,  so  to  speak,  the  perfect  similarity  between,  the 
Nautilus  ana  Goniatites  of  my  Silurian  rocks.  In  the  Nautilus,  the 
siphuncle  is  subcentral ;  in  the  Goniatite  it  is  dorsal ;  but,  if  we  ex- 
cept this  character,  there  are  species  of  both  types  presenting  a  similar 
aspect  in  the  general  form,  as  well  as  in  the  ornamentation  of  the 
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shell,  the  cunratare  of  the  edge  of  the  septa,  &c.  Both  genera  hare 
species  with  individuals  measuring  more  than  25  centim.  in  diameter, 
—a  size  that  could  be  scarcely  expected  for  the  period  of  their  first 
appearance  on  the  earth*s  surface.  This  agreement  between  NautUus 
ana  Goniatitea  is  of  double  importance,  since  it  proves  the  transition 
not  only  between  these  two  genera,  but  also  between  the  two  families 
of  NauHUda  and  Ammomtida ;  and  it  is  worthy  of  notice  that  this 
transition  existed  at  a  time  when  the  latter  family  was  represented 
only  by  a  single  genus,  and  whilst  the  former  presented  its  greatest 
development  both  in  genera  and  spedes. 

M.  barrande  proc^ds  (p.  5-12)  to  review  the  several  eenera  of 
the  Cephalopods  of  the  Bohemian  Silurian  rocks,  sucdncUy  descri- 
bing the  characteristics  of  each  type,  with  notices  of  some  of  the 
species,  and  outlines  (in  an  accompanying  Uthograph  plate)  of  some 
of  the  most  interesting  forms.  The  geological  distribution  of  these 
Cephalopods  is  exhibited  in  the  accompanying  Table. 

Table  of  the  Distribution  of  Cephalopoda  in  the  Siltirian  Roche 
of  Bohemia, 


Nautilas  

Litoitet  ..... 
Gyroceras  . 
Trochooeras. 

Orthooeras  . 


Genen. 


LowCT  Dbiakm. 


Aioic. 


Cjrtoceru 


Gomphoceras 
Phragmoceras 

Aflcoceras 

Goniatites    ... 


'T 


IstFuana. 


Snd  Ftuin*. 


8ta«e 
D. 


E.  I  F.i  q: 


Upper  Diviaioa. 


'T 


3rd  Funut. 


This  tebular  view,  says  M.  Barrande,  shows,  what  I  have  else- 
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where  pointed  out,  that  the  Class  of  Cephalopods  is  not  repre- 
sented in  the  First  Fauna  of  Bohemia;  and  this  is  the  case 
wherever  this  fauna  occurs, — in  Sweden,  Norway,  England,  and 
the  United  States.  It  is  in  the  Second  Fauna  ^at  Uie  Cepha- 
lopoda first  appear;  and  even  in  this  we  have,  however,  as  yet 
discovered  only  badly-preserved  fragments  of  a  rare  species  of  Ortho- 
ceras  (without  referring  to  those  species  of  Orthoceras  and  Cyrto- 
ceras  occurring  in  the  "  colonies*"  of  the  Stage  D,  and  belonging  to 
the  Third  Fauna,  in  which  they  again  ^pear).  In  Russia,  Scandi- 
naTia,  and  North  America  the  Second  Fauna  is  more  richly  stocked 
with  Cephalopods  than  in  Bohemia ;  and  there  exists  a  rather  large 
number  of  Orthocerata  with  wide  excentric  siphuncles, — a  group 
which  IB  wanting  in  the  Silurians  of  Bohemia,  England,  France, 
Spain,  and  Portugal.  The  entire  absence  of  limestones  m  my  Stage  D 
may  well  explain  the  nearly  total  absence  of  Cephalopods  in  my 
Second  Faima.  For  as  soon  as  calcareous  deposit  come  in  at  the 
base  of  my  Upper  Division,  the  Molluscs  also  appear,  and  are  soon 
dereloped  in  such  a  richness  of  form,  that  in  this  respect  no  other 
country  can  be  compared  with  Bohemia.  In  my  Stage  E,  eight 
genera  appear  together,  all  respectively  in  their  greatest  development. 
Three  of  these.  Nautilus,  Gomphoceras,  and  Jacoceras,  are  limited 
to  this  Stage ;  five,  Lituites,  TrochoceraSy  Orlhoeeras,  Cyrtoceras, 
and  Fhragmocerasy  pass  upwards  into  Stage  F,  where  the  two  latest 
genera,  Gyroceraa  and  Goniatilea,  then  come  in  ;  all  the  older  types, 
as  shown  by  the  diminution  of  the  number  of  their  species,  having 
already  lost  their  vital  force.  In  fact  the  seven  genera  of  Stage  ¥, 
taken  altogether,  scarcely  afford  ^th  so  many  species  as  the  eight 
genera  in  Stage  £.  This  decrement  goes  on  in  Stase  6,  where  there 
are  only  three  genera,  Gyroceraa,  Orthoeeras,  axkd  Cyrtoceraa,  with 
but  few  species.  Lastly,  in  Stage  H,  only  the  depauperated  remains 
of  Orthoceraa  and  Lituitea  present  themselves. 

The  transition  between  my  calcareous  Stages  takes  place  in  a 
nearly  imperceptible  manner,  and  without  the  traces  of  any  revolu- 
tion, so  that  it  is  difficult  to  comprehend  the  sudden  disappearance 
of  so  many  forms  of  Cephalopods  from  this  ancient  sea  of  Bohemia ; 
and  we  are  thus  led  to  accept  the  existence  of  a  natural  law  deter- 
mining the  duration  of  the  different  animal  forms,  independent  of  the 
physi^  disturbances  which  continually  at  one  place  or  another  con- 
vulse the  whole  surface  of  the  earth. 

The  succession  of  specific  forms  of  Cephalopods  is  very  evidently 
seen  in  Bohemia,  whether  we  regard  them  as  a  whole,  or  look  at  the 
several  genera.  The  Cephalopods,  therefore,  could  be  employed, 
equally  as  well  as  the  Trilobites  f,  for  distinguishing  the  different 
Stages,  each  of  which  has  its  own  particular  characteristic  species ; 
there  being  only  very  few  species  that  are  continued  through  several 
Stages.  As  my  researches  in  tbis  Class  are  not  yet  finished,  I  cannot 
accurately  lay  down  the  number  of  species  in  the  several  Stages ;  but 
at  another  time  I  will  return  to  this  subject. 

f*  Sec  Quart.  Journ  Geol.  Soc.  vol.  viii.  Part  ii.  MisceU.  p.  37. — Transl.] 
t  See  Quart.  Joum.  Geol.  Soc.  vol.  viii.  Part  ii.  Miscell.  p.  31.— Transl  ] 
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Finallj,  ihe  Silurian  Formation  of  Bohemia  has  supplied  42 
additional  species  of  Crustacea,  37  Pteropoda,  285  Cephalopoda, 
altogether  364  species,  the  description  of  which  will  he  given  in 
my  Second  Volume.  [T.  R,  J.] 


PSEUDOMORPHS.      Bj  A.  BrEITHAUPT. 

[Htrtmann't  Bers.  u.  HiittenmanD.  Zeit.  1853,  pp.  401,  402,  404.    Leonhard  a. 
Bronn't  N.  Jahrb.  f.  Mio.  a.  t.  w.  1853,  pp.  837  &  843;  and  1854,  p.  76.] 

Native  Silver  and  SUver-glance  for  Red-Silver-Ore, — ^The  combina- 
tion JR  with  R  Qo,  in  which  the  prism  is  much  lengthened,  very  fre- 
auently  observed  in  red-silver-ore,  has  been  pretty  certainly  found  in 
lie  purest  native  silver,  in  the  Sauschwart  mine,  at  Schneeberg.  The 
crystals  are  hollow,  with  the  prismatic  walls  sometimes  broken 
through.  Diminution  of  the  space  occupied  is  here  very  observable. 
The  author  has  also  seen  the  peculiar  form  of  red-silver-ore  in  the 
silver-glance  of  Schneeberg :  the  mine  is  unknown. 

Copper-pyrites  for  Nadel-erz, — At  Lohna,  near  Schleiz,  in  the 
Principality  of  Beuss-Schleiz,  copper  and  silver  mines  have  been 
worked  to  a  considerable  extent  at  some  early  period,  but  all  records 
are  lost.  In  the  grey  hornstone  and  hard  grauwacke  there  occur  nadel- 
erz  [plumbo-cupri^rous  sulphuret  of  bismuth, =patrinite],  fahlen 
[grey  copper],  and  copper-pyrites;  and  in  the  clefts,  kupfer-lasor 
^lue  carbonate  of  copper,  schessylite]  and  malachite ;  and  there  are 
also  solid  masses  of  anthracite.  *  The  nadelerz  has  altogether  the 
appearance  of  that  from  Beresoffsk,  Siberia,  and,  according  to  Plattner^s 
blow-pipe  researches  in  its  composition,  it  yields  a  very  Tittle  iron  and 
2  to  2^  ounces  of  silver  in  a  hundredweight  [English].  The  adcular 
crystals  consist  partly  of  nadelerz,  and  partly  of  this  and  copper-py- 
rites,— most,  of  copper-pyrites,  with  a  distinct  and  very  considerable 
diminution  of  the  space  occupied :  in  this  respect,  similar  to  what  we 
see  in  the  tourmalme  and  the  mica  that  takes  place  in  the  granite  of 
Kursdorf,  near  Penig,  in  Saxony. 

Iron-pyrites,  Red  ochre,  and  Acicular  Iron-ore  for  Barytes. — At 
Przibram  in  Bohemia  some  very  interesting  pseudomorphs  have  lately 
been  found,  occupying  the  place  of  barytes  and  indeed  of  its  combi- 
nation oP ;  P  OD  ^  P  ob  with  and  without  x  P,  the  impressions  of 

which  in  the  cavities  are  quite  sharp.  First  of  all  there  is  a  thick 
coating  of  iron-pyrites ;  on  that,  a  very  thin  one  of  red  ochre  [Roth- 
eisenerz] ;  and  lastly,  a  thin  coating  of  velvetty  acicular  iron-ore 
[Nadel-eisenerz].  On  the  last  there  is  a  calc-spar  in  rhombohedrons 
— ^R,  but  only  in  very  small  isolated  crystals. 

Picrophyllite  and  Green-earth  for  Augite. — Breitbaupt  saw  Picro- 
phyllite  in  the  form  of  augite ;  it  is  nothing  more  than  decomposed 
augite.  Green-earth  for  augite  occurs  in  the  melaphyre  of  the  Fassa 
Thai,  Tyrol,  and  at  Tekoro  m  the  Siebenburge,  in  the  same  rock 

[T.  R.  J.] 
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On  the  HuMiTE  o/* Monte  Somma.     By  M.  A.  Scacchi. 

[Poggend.  Annal.  suppleni.  ¥01.  iii.  p.  161  etteq.    Leonhard  u.  Bronn's  N.  JahH). 
fur  Min.  u.  t.  w.  1853,  p.  76.] 

HuMiTE  belongs  to  the  rectangular  prismatic  system*.  The  crystals 
are  remarkable  for  exhibiting  three  typical  forms;  each  of  these 
being  distinguished  by  definite  faces,  almost  all  of  which  are  dif- 
ferent from  those  of  the  other  types.  This  fact  is  of  the  more  im- 
portance, inasmuch  as  the  sometimes  very  numerous  faces  of  the 
crystals  belonging  to  one  and  the  same  typical  form  can  be  derived 
by  very  simple  laws  from  the  proportional  length  of  the  axes  of  the 
primary  form.  This  is  not,  however,  the  case  with  the  faces  of  the 
crystals  of  different  types,  which  can  only  be  derived  from  the  same 
primary  form  bv  more  or  less  complicated  laws.  (The  author's  in- 
teresting crystailographic  details  illustrative  of  this  subject,  could 
not  be  understood  without  the  aid  of  very  many  figures.) 

The  Humite  crystals  are  only  found  among  the  loose  blocks  of 
Monte  Somma,  in  granular  limestone,  and  in  a  peculiar  rock,  of  gra- 
nitic structure,  consisting  of  whitish  olivine,  mica,  and  magnetic  iron. 
In  the  limestone  the  crystals  of  humite  occur  on  the  surface  of  geodes, 
or  slightly  covered  by  the  limestone,  and  nearly  always  accompanied 
by  zeilanite  and  crystals  of  green  mica.  In  the  latter  rock,  it  is 
mostly  associated  with  zeilanite,  idocrase,  garnet,  and  small  yellow 
crystals  of  augite.  More  rarely  humite  is  met  with  in  many  other 
rocks,  in  company  with  the  above-named  substances.  Its  colour  is 
very  variable,  mostly  brown,  reddish-brown,  yellow  or  white.  Spe- 
cific gravity,  3*2 ;  hardness,  that  of  felspar.  Before  the  blow-pipe  it 
is  unchanged.  The  pulverized  mineral  is  easily  decomposed  by  heated 
hydrochloric  acid. 

The  author  also  remarks,  in  comparing  the  crystals  of  humite  with 
those  of  olivine,  to  which  they  have  much  similarity  in  their  geo- 
metrical properties,  that  an  agreement  in  the  chemical  composition 
of  the  two  minerals  may  readily  be  conjectured.  [T.  R.  J.] 


DeMcriptton  Giologique  et  Minhalogique  du  D^partement  du  Bas- 
Rhin.  Par  M.  A.  Daubr^e,  Ing.  des  Mines,  &c.  pp.  500.  8®, 
Strasbourg,  1852.  With  five  coloured  Lithograph  Plates  of 
Sections,  &c.,  and  a  large  coloured  Lith.  Map. 

The  Geological  Map  issued  with  this  work  is  on  a  scale  of  ^Afl^, 
and  is  a  reduction  from  the  larger  mapt  on  a  scale  of  ^,^nm»  ^^ic^ 
was  prepared  by  M.  Daubr^,  in  1840-48,  by  direction  of  the  Council 
General  of  the  Department,  and  at  the  instance  of  the  Director- 
General  of  Bridges,  Roads,  and  Mines,  who  in  1835  recommended 

[*  In  Brooke  and  Miller's  Mineralogy,  1852,  Humite  it  described  as  **  obliqne," 
and  reasons  are  offered  for  this  view  of  the  crystailographic  nature  of  the  mioeral 
in  question. — ^Transl.] 

t  This  is  published  in  six  sheets,  printed  in  colours.  The  smaller  m^^  may  be 
also  had  separate. 
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local  geological  surveys,  and  the  execution  of  topographico-geologjcnl 
maps  of  Departments,  as  necessary  adjuncts  to  the  large  geological 
map  of  France  made  in  1823-40. 

M.  Daubr6e  has  here  published  the  reduced  geological  map  of 
the  Department,  and  numerous  diagrams,  plans,  and  sections,  with  a 
comprehensive  explanatory  text.  This  is  preceded  by  a  short  Intro- 
duction, comprising  a  general  notice  of  geological  phaenomena  and 
their  relations.  The  work  itself  is  divided  into  four  parts.  The  first 
treats  of  the  physical  constitution  of  the  Department ;  the  second, 
which  is  much  more  extensive,  b  devoted  to  the  geological  constitution 
of  the  district, — the  relative  disposition  of  the  several  geological  groups 
of  rocks,  and  the  organic  remains  and  the  substances  useful  to  man 
that  they  contain.  The  third  part  comprises  a  classified  account  of 
the  minerals  found  in  the  Department.  And  in  the  fourth  part  the 
author  gives  historical,  statistical,  and  technical  notices  of  the  pro- 
ducts of  the  mines,  bogs,  and  quarries  of  the  districts. 

[T.  R.  J.] 

On  the  Specific  Gravity  of  Fluor-Spar.    By  M.  Kenngott. 

[Miner.  Notitzen,  Vienna,  1853,  vol.  iL  p.  10  et  teq.    Leonhard  u.  Bronn's  N. 
Jahrb.  t  Min.  u.  t.  w.  1854,  p.  72.] 

From  sixty  experiments  on  fluor-spar,  made  without  r^ard  to  the 
colour  of  the  specimens,  the  form  of  crystal,  locality,  &c.,  the  result 
arrived  at  by  the  author  was  that  the  mean  specific  gravity  of  fluor- 
spar is  3' 183:  [T.  R.  J.] 


Oh  Crystals  of  Strontian.     By  A.  MOllbr. 

[VerhindL  Ntt  Gesell.  Basel,  1852,  vol.  x.  p.  103  et  $eq,    Leonhaid  a.  Bxons't 
N.  Jahrb.  f.  Min.  n.  8.  w.  1854,  p.  75.] 

The  author  notices  some  crystals  of  sulphate  of  strontian,  remarkable 
for  their  size  and  beauty,  which  were  found  in  the  chamber  of  an 
Ammonite*  Bucklandi,  from  the  Lias  of  the  Schon-thal  on  the  bank 
of  the  ErgobE.  The  interior  of  the  chamber  was  coated  with  druses 
of  calc-spar.  The  forms  of  the  strontian  crystals  were  Uke  what  very 
commonly  occur  in  barytes.  [T.  R.  J.] 


Pyromklinb.     By  Von  Kobell. 

[Brdmaun's  Joum.  vol.  Ivii.  p.  44.    Leonhard  u.  Bronn's  N.  Jahrb.  t  Min.  u.  s.  w. 
1853,  p.  836.] 

This  is  a  product  of  decomposition;  probably  of  nickel-arsenic-g^ance. 
It  occurs  as  an  earthy,  mountain-green  substance,  incrusting  or  filling 
small  fissures  in  a  quartzose  rock,  obtained  in  1825  from  the  Frieden's 
mine,  near  Lichtenberg,  in  Bavreuth.  .  p3rromeline  is  a  hydrated 
sulphate  of  oxide  of  nickel,  with  some  arsenious  acid.  The  author 
furnishes  no  quantitative  wialysis.  [T.  R.  J.] 
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On  ^A^DiscovsRYo/*  Jurassic  Plants  tn  ^^  Venetian  Alps. 
By  Cay.  Achille  de  Zigno. 

[Leonhird  n.  Bronn't  Jahrb.  f.  Min.  u.  8.  w.  1854,  pp.  31-35 ; 
with  t  lithographic  plate  oi  lectiont.] 

In  the  Venetian  Alps,  above  the  series  of  dark  my  limestone  and 
reddish  sandstone,  which  are  referred  to  the  Tnas,  and  under  the 
white  limestone  with  Neocomian  fossils,  reposes  a  thick  series  of  cal- 
careous strata,  sometimes  crystalline,  sometimes  compact,  and  fre- 
quently oolitic  in  structure,  and  occupying  precisely  the  place  of  the 
Jurassic  rocks  of  the  other  countries  of  Europe. 

Order  of  the  Strata  in  the  Vol    ,^A*  «?°^!  P^~^  ^''}''Ttf^y  ""^ 
iTJssa  (Rotzo),  in   the   Vi-    this  senes  is  composed  of  slaty  clay. 


eentin,  and  in  the  Vol  Tanara 
{Pemigott%)i  in  the  Veronese. 


NeooomiAD. 


CalloTiaii  and  Oifbrdian. 


Bathonian. 

(with  the  plant-bed). 


Bijociaii. 


Dolomite  (Lias). 


Triaa  (not  seen). 


brown  or  greenish  in  colour,  of 
sandstone-conglomerates  with  py- 
roxenic  elements,  and  of  greyish 
yiolet  limestones  with  crystalline 
veins.  In  the  Cadore  district, 
along  the  valley  of  the  Boite,  and 
in  the  Agordo  district,  we  easily 
find  the  rocks  which  occupv  the 
place  of  the  Lias,  although  the 
absence  of  fossils  prevents  us  at 
present  from  refemng  them  with 
certainty  to  a  determinate  position. 
In  the  great  valleys  of  the  Piave, 
Brenta,  Astico,  ii^o,  and  the 
Adige,  we  do  not  observe  the  above 


conditions ;  but,  on  the  contrary,  cirstalline  limestones  in  consider- 
able force  here  form  the  base  of  the  Jura  and  Lias. 

In  the  rocks  in  question  fossils  are  very  rare,  and  the  few  traces 
which  I  met  with  consisted  of  some  casts,  referable  nerhaps  to  Trochwt 
and  ChemnitziOy  and  having  indeed  much  resemblance  to  the  liassic 
species  of  other  countries.  The  crystalline  Umestone  in  the  upper  part 
contains  some  subordinate  beds  of  compact  limestone ;  and  this  group, 
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which  as  a  whole  I  regard  as  nearly  representing  the  Lias,  oorrespoiids 
with  the  Dolomite  of  Signor  Pasini. 

Above  this  formation  in  our  Alps  we  have  oolitic  beds,  alternating 
to  a  considerable  extent  with  grey  compact  limestone;  the  latter 
affords  numerous  fossils,  the  characters  or  which,  however,  it  is  diffi- 
cult to  determine,  as  thev  are  not  easily  separated  from  Uie  matrix. 
These  mostiy  belong  to  the  genera  Pholadomya,  GertnlUa,  ItocardU, 
MndNucula,  Pasim  has  found  casts  of  iVmiMea;  and  I  have  observed 
the  Terebratula  sph€troidaUs,  which  is  characteristic  of  the  Lower 
Oolite,  to  which  formation  we  must  refer  this  group  from  its  Dostion 
and  its  fossils.  Li  my  opinion,  Pasini's  series  or  vpper  and  lower 
oolitic  beds  are  comprehended  in  this  one  group,  which  represents 
the  Stage  Bi^ocien  of  D*Orbigny. 

Following  the  series  upwards,  we  perceive  that  this  formation  is 
covered  by  another  compact  argUlaceous  limestone,  of  a  grey  colour, 
and  often  containing  shells,  l^n  this  rests  a  dark  grev  marly  bed, 
in  which,  at  Monte  Spitz,  near  Kotzo,  fine  impressions  of  plants  have 
long;  since  been  found.  The  Abb^  Dal  Puzzo  *  mentions  the  discovery 
of  these  fossil  plants  in  the  year  1 764,  when  slabs  were  anarried  from 
the  grey  limestone  to  cover  the  waUs  of  the  churchyara.  It  is  sin- 
gular that  these  remains  have  never  been  critically  examined,  althou^ 
the  Abb^  Fortisf  mentioned  them.  They  escaped  the  notice  of  Mar- 
sari  and  Maraschini ;  and  CatuUo  and  rasini,  when  writing  on  the 
subiect,  dismiss  them  with  a  few  words.  Having  made  several  visits 
to  tnis  locality,  I  have  been  enabled  to  collect  a  considerable  number 
of  spedmens,  to  study  their  position,  and  to  observe  how  this  plant- 
bed  passes  under  Monte  Spitz,  is  continued  above  Mezzaselva  and 
Roana,  and  comes  out  in  a  long  zone  in  the  lower  neighbouring 
valley  of  the  Assa. 

Having  recognized  by  means  of  some  fossils  that  the  lower  group 
of  the  ooutic  system  occurs  at  some  points  in  the  valleys  of  the  Vero- 
nese, and  that  there  also  (Vajo  del  Paradiso)  a  bed  with  vegetable 
remidns  rests  upon  it,  I  requested  Dr.  Massalongo  to  institute  a  seardi, 
and  he  soon  favoured  me  with  some  spechnens  of  fossil  plants  from 
the  beds  of  the  Pemigotti  hill,  near  S.  Bartolamio. 

Although  the  plant-bearing  rock  of  this  place  differs  mineralogi- 
callv  from  that  at  Rotzo,  yet  it  evidentiy  occupies  the  same  geologioJ 
horizon,  and  contains  some  species  identical  with  those  of  Spitz. 

By  working  at  both  places,  I  collected  altogether  about  700  speci- 
mens, representing  a  flora  with  the  following  genera : — 

Eqnisetitet.  Cycaditet. 

Calamitet.  Zimites. 

Peoopteris.  Otozunitet. 

Teniopterii.  Bnushyphyllnm. 

SagenopteriB.  Aimucaritet. 

I  shall  soon  publish  my  work  on  these  fossils,  with  illustrations  of 
all  the  species,  m  forty  4to  plates.   I  have  noticed  the  discovery  itsdf 

*  Memorie  ttoriche  dd  Sette-Commimi  Yicentuii. 

t  M^moiret  pour  terrir  i  Thittoire  naturelle  de  Tltalie. 
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in  several  joumab  last  year.  In  the  meantime,  with  the  view  of  esta- 
bliahii^  my  priority  in  their  discovery,  and  lest  anv  unforeseen  delay 
occnr  in  the  publication,  I  will  here  offer  a  general  notice  of  the  spe- 
cies (the  figures  of  which  are  for  the  most  part  already  executed). 

CaUmites,  ap.    Vtl  d'Assa,  Yicentin,  1853. 

,  gp.    Pernigotti,  Veronese,  1853. 

Eqniaetites  Veronensis,  de  Z.  1852.    Val  d'AosU ;  Pemigotti. 

cnssinodis,  de  Z.  1852.    Pernigotti. 

eloogatus,  de  Z.  1852.    Pernigotti. 

Pecopteris,  2  new  species.    Rotzo  and  Vtl  d'Assa,  1853. 
Tseoiopteris,  n.  sp. ;  2  feet  (ItaL)  long.    Rotzo,  1853. 
Sagenopteris  Phillipsii,  Stemb,    Pemigotti,  1852. 

,  2  new  species.    Pemigotti,  1852. 

Cjclopteris,  n.  sp.    Val  d'Assa,  1853. 

Cycadites  platyrhachis,  de  Z.    Val  d'Assa;  Pemigotti,  1852. 

Zamites,  2  new  species.    Pemigotti,  1852. 

Pterophyllum,  n.  sp.    M.  Durlo,  1853. 

Nilssonia,  a  very  fine  new  species.    Val  d'Assa,  1853. 

Otozamites  Beani,  de  Z.    Rotzo  and  Val  d'Assa,  1852. 

noT.  spp.    Rotzo  and  Val  d'Assa,  1852 ;  and  Pemigotti,  1852. 

Gycadopteris,  nov.  gen.,  de  Z,* 

Char. — Frons  pinnata  vel  bipinnata,  pinnis  vel  pinnolis  integris  ooriaoeis,  mar- 
gine  induplicatis,  oninenriis,  in  rachide  decorrentibcis. 

Of  this  eenus  there  are  five  species,  three  of  which  I  have  described 
and  figured^  but  not  yet  published : — 

C.Ungen,ifeZ.1 

C.  gracilis,  de  Z,\  Pemigotti  and  Rotzo. 

C.  omata,  de  Z.\ 

In  these  above-mentioned  localities  also  occur 

Rhabdocarpus,  1  species. 

Araucarites,  2  species ;  one  specimen  more  than  2  feet  long. 

BrachyphyUum,  2  species. 

and  many  other  plants  of  which  the  genus,  and  even  the  family,  is 
doubtful,  as 

Tympanopbora,  Pinnnlaria,  &c. 

The  study  of  this  fossil  flora  has  shown  my  classification  of  this 
eroup  of  rocks  to  be  correct,  as  made  in  1845  on  stratigraphical  evi- 
dence, when  I  recognized  as  Neocomian  the  strata  lying  above  these 
plant-beds,  and  assigned  all  the  rocks  between  the  Tagliamento  and 
the  Adi^e  to  their  geological  place.  Yeiy  8%ht  traces  of  coal  and 
a  vellowish  bed  of  marl  cover  the  leaf-be<is,  and  terminate  this  series 
of  deposits,  which  in  my  opinion  occupies  with  us  the  place  of  the 
Great  Oolite. 

This  view  is  confirmed  by  the  occurrence  of  a  yellowish  rock  with 
'Terebratula  tfuiffnis,  and  a  white,  red,  and  yellow  variegated  marble, 
which  is  the  commencement  of  the  superincumbent  red  ammonite- 
limestone.  The  latter  I  assigned  in  1846  to  the  Oxfordian  series  :  it 
is  characterized  with  us  by 

*  Atti  deU'  1.  R.  Accademia  di  Pado?a,  1853. 
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Terebnftula  diphya,  F.  Buck.  Ammonites  iriator,  lyOrb. 

tiiqiMtn,  Park,  Zignoanus,  I/Orb. 

bicanaUcnlAU,  Sekhi.  anoeps,  Bern, 

refapinata,  FmdL  athlete,  PkiL 

Aptydms  latus,  Mimtt,  Hommairci,  I/Ori, 

lameUoaus,  VolU,  Spatangus  carinatm,  Goi^, 

With  this  group  (which,  together  with  the  yellow  hed  with  Ter. 
nitf  appears  to  me  to  represent  collectively  D'Orhigny's  Cull^meH  and 
Oxfordien)  terminates  the  series  of  the  Jurassic  roclu  of  the  whole  of 
the  Venetian,  Lombard,  and  South  Tyrol  Alps. 

From  this  diiort  notice  it  is  easily  seen,  that  the  juraamc  plant-beds 
of  Rotio  in  the  Vioentin  and  of  Pemigotti  in  the  Veronese  are  above 
the  Lower  Oolite  and  just  at  the  place  which  corresponds  to  that  of 
the  Great  Oolite,  or  the  Etage  Bathomen  of  I^Omalius  and  D^Or- 
bigny,  and  therefore  contemporaneous  with  those  of  Mamers  and 
Sou'Dorough.  In  each  locality*  we  find  a  predominance  of  land-plants, 
and  among  these  Cycadem  and  dndfercB  especially  abound.  Hie 
peculiar  character,  however,  is  marked  by  the  Equisetacea. 

This  discovery  enriches  the  fossil  flora  of  the  Oolite  with  an  import- 
ant number  of  species,  and  adds  to  our  knowledge  of  the  geol<»y  of 
the  South  of  Europe.  [T.  R.  JT] 


Fossils  of  the  Vienna  Basin.    By  Dr.  Hornes. 

[From  Catalogue  of  Duplicates  published  by  the  Vieima  Imper.  Geolof  . 
Institute,  1854.] 

The  following  list  of  tertiary  fossils  from  the  Vieima  basin  has  been 
prepared  from  the  duplicates  of  the  Imperial  Geological  Institute  of 
Vienna,  by  Dr.  M.  Homes. 

Numerous  duplicates  having  been  obtained  in  collecting  these 
fossils  from  various  localities  in  the  Vieima  basin,  it  was  considered 
desirable  to  arrange  several  collections  for  distribution  or  exchange  ; 
this  list  represents  the  contents  of  these  collections.  It  is  true  it 
does  not  contain  all  the  species  of  the  region,  but  only  such  as  were 
sufficiently  abundant  to  supply  materials  for  the  collections.  At  the 
same  time,  this  will  be  sufficient  to  show  the  chief  typical  forms. 

The  collections  were  chiefly  intended  for  distribution  amongst  the 
national  provincial  museums  and  educational  institutions  ;  others  for 
being  forwarded  to  foreign  countries.  Some  are  for  sale,  and  for 
this  purpose  the  sum  of  £2  10«.  has  been  fixed  on  as  the  price  of  the 
whole  collection  of  120  species. 

1.  Conus  fusco-cingulatus,  Bronii.  6.  AndUaria  gUndiformis,  Zom. 

2. Mercati,  Broeeki.  7. 

3. yentricoBUS,  Broim.  8.  Cypnea  pymm,  Gmelau 

4. Dcgardinii,  Deth.  9.  Rlngicula  buoduea,  Degk, 

5.  Oliva  flammulata,  Lamk,  10.  Voluta  rarispina,  Lam, 

*  Teeth  of  a  small  species  of  Pycnodut  have  been  found  at  Rotzo  and  at  Per- 
nigotti. 
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11.  Mitim  fofifonnis,  .fi^veeAt.  66. 

12.  rectiooeta,  BeOinii.  67. 

13.  CohunbeUa  corte,  BeUtardL  68. 

14. rabnkta,  BdlmrdL  69. 

15. nassoides,  BeOardi,  70. 

16.  Terebn  fiiscata,  Sroee^*.  71. 

17.  Bocdnitm  Tentricotum,  OnUekmp,        72. 
18. reticalatam,  Lbmi.  73. 

19.  cottulatnm,  SroeeAi.  74. 

20.  temistriatiun,  Broccki,  75. 

21. muUbUe,  Lmn^.  76. 

22.  baccatum,  Boiterot,  77. 

23.  Parpnra  exilis,  Por/fcA.  78. 

24.  Cassis  texta,  Broim.  79. 

25.  Rostdlaria  pes  pelecani,  Lamk.  80. 

26.  Mores  tnmculos,  Xlfm/.  81. 

27.  polymorphus,  BroeekL  82. 

28. snbclayatus,  BoiieroL  83. 

29.  Ranella  marginata,  £amJ(.  84. 

30.  Pjmla  rasticala,  Bat/«ro/.  85. 

31.  Fnsos  Stiitzii,  Por/fcA.  86. 

32.  eixnXm,  BroeekL  87. 

33.  biliDeatus,  Parteek,  88. 

34.  burdigalensis,  OraieUmp.  89. 

35.  Fasdolaria  polonica,  Pueck,  90. 

36.  Canoellaria  inennis,  Pueeh,  91. 

37.  cancellata.  Lam.  92. 

38.  Pleurotoma  asperolata,  Lam.  93. 

39.  grannlato-cincta,  Muntter,  94. 

40. cataphracta,  Broeehi,  95. 

41. rotaU,  BroeekL  96. 

42. Coquandi,  BeUardL  97. 

43. rarnosa,  Batterot,  98. 

44. pustulata,  Broeeki.  99. 

45.  breYirostrum,  Sow,  100. 

46. turricala,  BroeekL  101. 

47.  Cerithium  bidentatum,  D^firanee,  102. 

48. papaTeraceum,  BoMterot  103. 

49.  margaritacettm,  Lami.  104. 

50. miDUtum,  Serret,  105. 

51. Bronnii,  Partick,  106. 

52.  ^—  plicatnm,  Lami.  107. 

53. pictam,  BoMterot.  108. 

54. nibigiDOSum,  Eickwald.  109. 

55.  scabmm,  Deth.  110. 

56.  Turritella  terebralis,  Lam.  HI. 

57.  Riepellii,  Parttek.  112. 

58.  ▼ermiciilaris,  BroccAi.  113. 

59. Archimedis,  BroeekL  114. 

60. Vindobonensis,  Par/«cA.  115. 

61.  Tufbo  rugosos,  JUfiii.  116. 

62.  Trocbas  patulos,  BroeekL  117. 

63. conifonnis,  Eiekwaid,  118. 

64. Basterotii,  Parttek,  119. 

65.  Vermetus  gigas,  Bwoima,  120. 


Sigaretus  haliotoideus,  Lam. 
Natica  compressa,  Batterot, 

multipunctata,  Lam. 

glaucinoides,  Sow, 

Josephinia,  Broan, 

Melanopsis  Martiniana,  F4r. 

Dufburei,  F^. 

Bond,  Fir. 

Helix  yermiculata,  Fir. 
Crepidula  nnguifonntB,  Lamk. 
Calyptnea  muricata,  BroeekL 
Dentalinm  elepbantinmn,  BroecAt. 

Bouei,  FA-, 

Mactra  podolica,  Biekwald. 
Crassatella  dissita,  BcAiMiAI. 
Corbula  nucleus,  Lami. 

revoluta,  Broeeki. 

Tellina  complanata,  Lhmi. 
Ludna  soopulorum,  Brong. 

divaricata,  Lami. 

columbella,  Lami. 

Donax  Broccbii,  D^framee. 
Cytherea  pedemootana,  Jganiz. 

eryanoideS)  Lam, 

multilamella,  Lam. 

Deshayesiana,  Batterot, 

Venus  Broccbii,  Dnk. 


glabrata,  Dujard. 

—  plicata,  GmeBn, 

—  greguia,  Parttek, 

marginata,  Hornet. 

Venericardia  Jouannetti,  Batterot. 
rbomboidea,  Bronn. 

intermedia,  Broeeki. 

Partscbu,  Gobff. 

scalaris,  Sow, 

Cardium  Vindobonense,  Parttek. 

Desbayesii,  Payraudeau. 

Area  Nose,  BroeekL 

barbata,  Lmni, 

pectinate,  BroeekL 

diluTii,  Lam. 

Pectunculus  polyodonta,  Bromi. 

pulvinatus,  Brongn. 

cor,  Lami. 

Cbama  grypbina,  Lami, 
Congeira  subglobosa,  Parttek. 
Pecten  solarium,  Lami. 
flabelliformis,  BroeekL 

—  MalTinae,  Duboit, 

Sarmentidus,  Ooldf. 

Ostrea  cymbularis,  Mimtter. 
Explanaria  astroites,  Ooky. 


[W.  J.  H.] 
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On  DoRTCRiNUs.     By  Dr.  Ferd.  Roembr. 

[Wiegm.  Arch.  1853,  Jahrg.  19.  pt.  1.  pp.  207-220.  with  t  plUe  (X.) ;  Leoabanl 
a.  Bronn't  N.  Jahrb.  f.  Min.  a.  a.  w.  1854,  p.  253.] 

The  Doryerinui,  a  new  genofl  of  CrinoidB,  is  established  by  Dr.  F. 
Roemer  on  specimens  from  tbe  Carbonifenras  Limestone  of  Noitb 
America,  sent  with  others  (of  Aetinoerimts,  Ampkoracrimu^  Platy- 
crmus,  &c.)  to  Europe  bj  Dr.  Krants,  from  the  neighbourhood  of 
Warsaw  on  the  Mississippi,  in  the  northern  part  of  the  State  ci 
niinois. 

The  only  described  species  is  the  D.  Missistippiensis  (F.  Roemer). 

The  most  striking  character  of  this  Crinoid  is  the  presence  of  six 
strong  tapering  processes  or  spines,  sometimes  2\  inches  in  length, 
which  radiate  upwards  and  outwiurds  from  the  upper  half  of  the 
calyx :  the  latter  is  about  l^  inch  in  hei^t. 

The  generic  diaracters  are  as  follows : — 

Calyx  spheroidal  or  subcuboidal,  perforated  by  a  single  excentric 
lateral  opening  (mouth),  and  bearing  some  long  spines  on  its  sur- 
face. 
BmoI  pieces  three,  unequal,  forming  a  flattish  disc ;  the  Isrger  two 

equal,  the  suture  connecting  them  leading  towards  the  mouth. 
Radial  pieces  of  first,  second,  and  third  order  five ;  radial  pieces  of 
third  order  axillar,  each  bearing  two  distichal  pieces  of  first  order, 
and  these  again  two  distichal  pieces  of  second  order.     The  last 
emarginate  on  their  upper  border,  and  forming,  with  the  next  pieces 
aboTC  them,  the  apertures  leading  into  the  calyx  for  the  supply  of 
nutriment  to  the  bases  of  the  arms  (lost  in  the  fossil  state). 
Inter-radial  piece  of  first  order  single,  inserted  between  two  radial 
pieces  of  first  order  on  that  side  <^  the  calyx  on  which  the  mcrtith 
IS  ;  inter-radial  pieces  of  second  order  scTen,  three  irregulariy  six- 
sided  placed  on  the  side  on  which  the  mouth  is,  one  regular^ 
hexagonal  on  each  of  the  four  remaining  sides,  placed  between  the 
two  neighbouring  radial  pieces  of  first  order.     Inter-radial  pieces  of 
third  order  thirteen,  five  on  the  side  on  which  the  mouth  is  situated, 
two  on  each  of  the  four  other  sides  of  the  calyx,  between  two 
neighbouring  radial  pieces  of  third  order. 
Top  of  the  calyx  :  the  upper  half  of  the  calyx  above  the  places  of 
the  arms  is  composed  of  numerous  pieces.     Six  lai^r  pieces,  fire 
of  which  are  placed  above  the  arms  and  around  the  curcumferenoe 
of  the  top  of  the  calyx,  and  one  at  the  highest  point  of  the  calyx 
excentrically  and  over  ^e  mouth,  are  produced  into  subulate  spines 
2  inches  long. 
Mouth  oval,  lateral,  surrounded  with  several  small  pieces,  and  placed 
under  the  isolate  spine  and  between  two  of  the  other  peripheral 
spines,  which  are  thicker  than  the  others. 
Column  cylindrical,  articulated,  perforated  by  a  cylindrical  canal,  the 
surfaces  of  the  joints  with  fine  radial  marking. 

The  relations  of  Dorycrinue  are  best  shown  in  the  accompanying 
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aent  of  the  genera  which  form  with  it  a  natural 


tabular 

group  or  fiunily. 

Base  of  the  calyx  formed  of  four  basal  pieces  ....    Melocrinus. 
^Mouth  at  the  summit,  and  central  Actinocrinus. 
"Pbites  of  the  calyx  top 

all  similar Anchor aerinut. 

Plates  of  the  calyx  top 
dissimilar,  five*  larger 
ones  above  the  arms 
and  an  excentric  one 
over  the  mouth  pro- 
duced into  long  spmes  BoryarinuM, 

The  author  remarks,  also,  that  some  other  Crinoids  bear  spines, 
such  as  Acanthocrinus  (from  the  Posidonomya-schist  of  the  Hartz), 
Jahrb.  1850,  p.  679.  t.  6,  B. 

[T.  R.  J.] 


Base  of  the 
calyx  formed 
of  three  basal 
pieces. 


Mouth 
lateral,  . 

excen-  ^ 

trie. 


On  the  Cretaceous  Sands  o/*Aix-la-Chapbllb. 
By  Dr.  Fbrd.  Roemer. 

[Neoes  Jahrb.  f.  Min.  u.  i.  w.  1854,  pp.  167, 168.    In  t  letter  to  Prof.  Bronn, 
Jan.  1854.] 

In  the  past  autumn  I  had  the  advantage  of  a  renewed  examination 
of  the  Aix-la-Chapelle  district.  With  regard  to  the  age  of  this  cre- 
taceous formation,  I  have  not  found  occasion  to  offer  any  essential 
modifications  of  the  opinion  I  published  several  years  since  (Jahrb. 
1845,  p.  385-394),  even  after  seeing  the  large  collections  of  organic 
remains  since  made  chiefly  by  Dr.  Jos.  Miiller  and  Dr.  Debey. 
Indeed  I  feel  convinced  now,  as  I  did  then,  that  all  these  Aix  creta- 
ceous deposits  belong  to  the  it  age  senonien  of  D'Orbigny,  and  that 
none  of  them  are  so  low  down  as  the  horizon  of  the  planer. 

Passing  over  the  many  assertions  of  the  occurrence  of  the  Gault, 
the  Neocomian  (Lower  Greensand),  or  indeed  of  the  Wealden  at 
Aix-la-ChapeUe, — assertions  which  entirely  rest  on  mere  lithological 
similarities,  and  are  destitute  of  palseontological  support,-r-I  need 
only  notice  the  opposite  view,  according  to  which  the  Simd  of  the 
Aachen-Wald  and  of  Lonsberg,  or  at  least  a  portion  of  it,  should  be 
paralleled  with  the  well-known  fossihferous  beds  of  Blackdown,  in 
England. 

ft  is  not  denied  that  at  first  sight  this  latter  parallelism  attempted 
by  Dr.  Jos.  Miiller  appears  to  have  much  value.  The  condition  of 
the  fossils  of  the  Aix  sand  in  one  locality  fortunately  discovered  by 
Dr.  Miiller,  in  the  neighbourhood  of  Vael,  is  similar  to  that  of  the 
Blackdown  fossils  as  to  their  metamorphism ;  and  a  suite  of  Gaste- 
ropoda and  Acephala  is  very  nearly  analogous  to  a  series  from  Black- 
down. 
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These  very  analogous  or  apparentlj  identical  species  (although  as 
yet  no  critical  comparison  of  specimens  from  the  two  localities  has 
oeen  made)  are,  however,  only  such  as  have  not  a  greater  distribu- 
tion ;  whilst,  on  the  other  hand,  species  of  more  general  range,  and 
which  hence  have  a  greater  importance  in  the  determination  of  age, 
are  not  common  to  both  localities,  but  are  peculiar  to  one  or  other 
of  the  two.  Neither  Cardtum  Hillanum,  Exogyra  conica^  nor  Am- 
monites  varieaws,  which  are  frequent  at  Blackdown,  have  been  found 
in  the  Aix  sand,  whilst,  on  the  other  hand,  Inoeeramus  Cripti  (a 
small  specimen  of  which  I  recognised  among  the  fossils  from  Yael 
in  Dr.  J.  Mtiller's  collection),  Belemnitella  mucronatOy  and  many 
other  upper  chalk  fossils,  which  are  well  known  to  occur  in  the  very 
fossiliferous  bands  in  the  Aix  sand,  have  not  been  met  with  at 
Blackdown. 

In  short,  I  regard  the  Blackdown  beds,  which  are  perhaps  on  the 
horizon  of  the  quader-sandstone  of  Saxony  and  Bohemia,  as  being 
decidedly  older  than  perhaps  a  part  of  the  Aix  sand ;  and  this  last 
must  be  placed  in  the  ^tage  senanien  of  D'Orbigny. 

I  have  attempted  to  give  more  exact  proof  of  this  and  other  views 
relating  to  the  cretaceous  formation  of^  the  Aix-la-Chapelle  disteict 
in  a  detailed  report  to  the  Supreme  Prussian  Mining  Court,  and 
which  I  intend  to  prepare  for  tne  press.  Lastiy,  we  may  look  for- 
ward to  a  speedy  and  important  enlargement  of  our  knowledge  of  the 
numerous  and  induable  organic  contents  of  the  Aix  cretaceous  beds, 
since  Dr.  Debey  *  is  preparing  for  publication  the  results  of  his  long- 
continued  researches  on  the  plant-remains  of  the  Aix  Sand,  and  Dr. 
Jos.  MUUer  will  soon  have  ready  a  new  part  of  his  work  f  describing 
the  animal  remains  of  this  formation. 

[T.  R.  J.] 


On  a  Tertiary  Plant  Bed  in  the  Taurus.  By  Prof.  F.  Unger. 

[Sitzimgsberichte  d.  K.  Ak.  cL  Wisnensch.  M..N.-  CL  Band  XT.  S.  1076-1077.] 

In  the  summer  of  1853  M.  Theodore  Kotschy  discovered  a  fossil 
plant-bed  on  the  south  slope  of  the  Cilician  Taurus,  in  a  lateral  valley 
of  the  lower  part  of  the  Cydnus  valley,  west  of  the  great  pass,  at  a 
height  of  about  4000  feet  above  the  sea. 

Eight  species  of  plants  have  been  distinguished  by  M.  Unger; 
who  remarKS  that  all  these  plant-remains  belong  to  the  eocene  period, 
and  agree  with  the  fossil  flora  of  Sotzka  and  the  plant-bed  of  southern 
Steiermark. 

[T.  R.  J.] 

*  See  also  Qotit.  Joum.  GeoL  See  voL  viL  part  2.  Miscell.  p.  109. 
t  MoQographie  der  Petreficten  der  Aachener  Kreide-formttion.    4to. 
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On  the  Silurian  Cephalopoda  of  Bohemia. 
By  M.  J.  Barrande. 

[Leonhard  u.  Bronn'g  N.  Jahrb.  fiir  Min.  u.  8.  w.  1854,  pp.  5-12.] 

The  following  notices  of  the  Silurian  Cephalopoda  of  Bohemia  fonn 
part  of  a  memoir  b^  M.  Barrande,  a  translation  of  the  chief  portion 
of  which  appeared  m  No.  38  of  the  Journal,  Miscell.  pp.  5-10. 

M.  Barrande  enumerates  ten  genera  of  Cephalopods  as  occurring 
in  the  Silurian  rocks  of  Bohemia,  viz. 

Nantiliis.        Gyroceras.  Orthoceras.        Oomphoceras.         Ascoceras. 

litoites.         Trochoceras.       Cyrtoceras.        Phragmoceras.       Goniatitea. 

The  author's  tabular  yiew  of  the  distribution  of  these  genera  in 
the  Stages  D,  £,  F,  G,  and  H  of  this  formation  is  given  at  p.  8, 
Joum.  No.  38,  Miscell. 

1 .  Nautilus, — Although  this  genus  has  long  been  known  to  occur 
in  the  Silurian  formation,  I  do  not  know  of  any  of  its  species  occur- 
ring at  a  lower  level  than  the  base  of  my  upper  division  (Stage  £). 
Here  it  makes  its  first  appearance ;  but  it  then  disappears,  and  is 
not  found  throughout  the  higher  limestone  groups. 

This  Silurian  genus  has  afforded  me  the  opportunity  of  observing 
the  development,  so  to  say,  of  three  species  from  the  embryonic  con- 
dition up  to  maturity.     The  embryo  (fig.  2  a),  which  I  will  now  de- 
Fig.*  2.         scribe,  has  the  form  of  a  little  hook,  having  a 
a  ^qi*    diameter  of  about  10  millim.,  with  its  two  extre- 

^•l  f\  f3^  mities  distant  from  each  other  by  nearly  the  length 
\/yy  I  (^S  of  a  third  of  the  circumference  of  the  whorl.  We 
^^  \2>^  ^^*^  distinguish  in  individuals  of  this  age,  besides 
Naumua  Bohtnieui,  the  body-chamber,  another  division  of  the  shell 
a  h  ^ISS*°rt5ge«of'  ^^^^^  represents  the  air-chambers.  The  crystal- 
"*  *  '^growth.  line  condition,  however,  of  the  limestone  prevents 

us  from  recognizing  in  this  second  division  the  septa  which  without 

*  The  iUufltrations  in  the  original  fonn  a  lithographed  plate  (Taf.  1),  fig.  1  of 
which  is  the  Theca  noticed  at  p.  6  of  Jonm.  No.  38,  Miscell.  The  remaining 
figures  are  here  reproduced  as  woodcnts,  and  retain  their  original  numbering  for 
the  sake  of  uniformity  of  reference.^TRAN8L. 
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doubt  once  existed  there.  In  the  next  stage  of  growth  (fig.  2  6)  one 
whorl  is  complete.  As  the  shell  increases,  there  is  added  gradnaUv 
a  second  and  a  third  whorl. 

In  N.  Bohemcu9  and  N.  Stemhergi^  when  the  third  whorl  is  at- 
tained, the  diameter  reaches  20-25  centim. ;  and  this  appears  to  be 
the  full  growth  of  the  shell.  In  the  third  species  which  afforded  me 
the  opportunity  of  studying  this  development,  the  diameter  of  the 
shell  does  not  surpass  7S  centim. 

It  b  a  singular  fact,  that  we  must  recur  to  the  Silurian  rocks  and 
to  the  relics  of  the  earliest  species  of  Nautilus  to  discover  the  deve- 
lopmental forms  of  a  genus,  which  presents  itself  in  so  many  species 
throughout  all  the  geological  formations,  and  which  even  exists  in 
our  present  seas. 

Among  the.  other  cephalopodous  genera  of  Bohemia,  Trockoeenu 
is  the  only  one  that  has  afforded  me  Ciubryonic  individuals,  but  I 
have  not  yet  been  able  to  collect  a  perfect  series  of  the  transitional 
forms  from  the  embryo  to  the  adult.  Such  also  is  the  case  with 
Orthoceras ;  sometimes  we  meet  with  very  fine  and  almost  needle- 
like casts  of  the  shell,  which,  however,  have  no  decided  specific  cha- 
racters about  them. 

2.  Lituitet, — In  comparison  with  the  northern  species,  the  Bo- 
hemian LituiteM  are  all  very  small,  and  their  straight  portion  has 
barely  a  width  of  a  few  centimetres  in  the  tangential  direction.    Two 

Fie.  3.  °^  these,  in  which  I  found  the  mouth  well  preserved, 
exhibit  an  in-bending  of  the  two  opposite  lateral 
margins,  as  in  Phragmoeeras  and  Gompkaceras. 
We  see  here  that  the  aperture  consists  of  the  same 
parts  as  those  which  some  years  since  I  pointed 
out  in  these  two  genera,  namely  the  main  opening, 
fig.  3,  a,  the  siphuncle,  c,  and  the  fissure,  d,  whi^ 
MouthofaLitnite.  unites  Uiem.  As  I  have  not  seen  the  northern 
Ldtuites,  I  do  not  know  whether  they  possess  a  similar  conformation, 
or,  like  Orthoceras,  have  an  uncontracted  aperture. 

3.  Gyroceras. — Four  or  five  species  of  Gyroceras  occur  in  this 
district ;  and  nearly  all  are  provided  with  lateral  processes  of  the 


Fig.  4 


shell,  which  mark  the  stages  of  its 
periodical  growth.  The  species  that 
best  exhibits  this  ornamentation  is 
my  G.  mirum,  fig.  4,  a,  b.  It  is 
very  difficult  to  obtain  specimens 
with  the  processes  of  the  shell  per- 
fect ;  but  I  have  succeeded  in 
working  out  a  great  part  of  the 
last  whorl.  It  is  not,  however,  on 
account  of  the  ornament  that  I  have 
named  this  species  as  above ;  but 
the  mouth  of  the  shell  appears  to  me  very  wonderful,  being  neither 
round  nor  elliptical,  as  m  other  allied  forms,  but  half-dosed  by  a 
bending-back  of  the  shell  on  itself.  Looking  at  the  mouth  of  this 
shell,  one  might  think  that  for  half  of  its  extent  it  had  been  closed 
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by  a  septum^  the  direction  of  which  is  symmetrical  and  inyerse  to 
that  taken  by  the  septum  at  the  base  of  the  body-chamber.  On 
first  examining  these  specimens,  I  was  inclined  to  think  that  half 
the  aperture  was  closed  by  a  loosened  septum ;  but  further  observa- 
tions in  eight  or  ten  individuals  showed  that  it  could  not  be  an  acci- 
dental condition  ;  and,  lastly,  I  found  a  specimen  in  which  the  whole 
circumference  of  the  mouth  could  be  traced  with  certainty.  This 
semiclosure  of  the  orifice  of  the  shell  in  Gyroceras  appears  therefore 
to  be  analogous  to  the  contraction  of  the  mouth  in  Phragmoceras, 
Gomphoceras,  and  Lttuites,  above  mentioned ;  but  it  is  peculiar,  in 
that  it  is  not  the  lateral  margins  that  are  bent  towards  each  other, 
as  in  these  genera,  but  only  the  inner  (under)  margin  is  pressed 
back. 

4.  Troehoeeras, — I  have  before  mentioned  (loe.  cit.  p.  7)  that 
some  few  turreted  species  appear  to  form  transitions  between  this  genus 
and  Lituite9  and  Gyroceras.  I  mnst,  however,  add, 
that  there  is  always  a  certain  absence  of  symmetry 
sufficient  to  distinguish  the  new  type,  and  on  whicn 
it  depends.  So  also  with  some  other  species,  the  shells 
of  which  do  not  form  a  complete  whorl,  and  which 
without  this  [want  of?]  symmetry  would  readily  be 
referred  to  Cyrtoceras,  The  position  of  the  siphuncle 
in  Trochoceras  is  very  variable, — sometimes  dorsal, 
sometimes  central,  and  sometimes  intermediate.  Most 
of  the  Bohemian  species  have  strongly  ornamented 
shells ;  in  contrast  to  the  Cyrtocerata,  which  are  mostly 
inornate. 

5.  Orthoceras, — ^This  genus  supplies  nearly  half 
the  Silurian  species  of  Cephalopods  m  Bohemia.  The 
species  of  Orthoceras,  however,  are 
characterized  with  difficulty.  I  hope, 
however,  to  conquer  this  by  means  of 
the  numerous  specimens  I  have  col- 
lected, by  which  I  can  recognize  the 
chief  elements  of  several  specific  forms, 
such  as  the  circumference  of  the 
mouth  of  the  shell,  the  body-cham- 
ber, the  air-chambers,  the  siphuncle, 
the  shell,  and  its  ornamentation. 
Without  this  it  would  be  easy  indeed 
to  confound  very  distinct  species,  frag- 
ments of  which  in  rock-specimens 
(especially  the  chambered  portions), 
ana  destitute  of  the  outer  shell,  pre- 
sent very  similar  features.  Thus  we 
still  have  grouped  under  the  name 
of  O.  regulare  species  which  would  probably  prove  very  distinct,  were 
we  acquunted  with  all  their  characters. 

I  will  not  now  enter  upon  the  classification  of  the  Orthocerata ; 
but  I  may  remark  that  the  species  belonging  to  my  Third  Stage  may 

E  ^ 
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be  arranged  by  the  general  form  of  the  shell  mto  two  chief  groups ; 
viz.  1.  the  elongate  tapering  forms,  with  an  apex  of  only  2^  to  15  Z 
(fig.  5  a,  b);  2.  the  proportionately  short  forms  resembling  the 
phragmocone  of  the  Belemnite  in  shape,  the  apex  of  which  forms 
an  angle  of  at  least  16°,  and  even  of  70°  (fig.  6  a,  b),  which  latter 
proportion  gives  bat  Uttle  length  to  the  sheU.  In  fact,  the  Bohe- 
mian species  which  has  such  an  apex  is  at  the  most  only  6  to  7  oentim. 
in  length. 

In  the  elongate  species  the  siphunde  is  very  seldom  marginal ;  it 
is  sometimes  central,  and  sometimes  intermediate.  In  the  short 
species,  on  the  contrary,  it  is  nearly  always  marginal,  as  in  the 
phragmocone  of  the  Belemnite ;  the  central  position  being  quite  an 
exception. 

I  believe  I  have  said  on  another  occasion  *  that  we  do  not  find  in 
Bohemia,  either  amongst  the  Orthocerata  of  my  "  Third  Famia,*' 
nor  the  few  species  of  my  "  Second  Fauna,"  the  large  and  generally 
excentric  siphunde  which  characterizes  many  species  of  the  '*  Second 
Fauna  "  in  Sweden,  Russia,  and  North  America.  The  Orthaeerata, 
therefore,  as  well  as  the  Trilobites,  can  furnish  general  characteristics 
for  the  distinction  of  the  different  Silurian  Faunas. 

6.  Cyrtoceras, — I  have  already  indicated  that  the  spedes  of  this 
genus  can  be  divided  according  to  the  position  of  the  siphunde 

Fig.  7. 


a.  Siphunde  dorul. 


Cprtocerat. 
b.  Siphunde  Tentral. 


c.  Siphunde  eentnl. 


(fig.  7) — dorsal,  ventral,  or  central — into  three  groups,  which  have, 
however,  so  little  difference  in  external  aspect,  that  one  must  see  the 
siphunde  itself  to  be  able  to  determine  the  place  of  a  species.  The 
shells  of  the  Cyrtocerata  of  the  Third  Fauna  have  in  general  but 
little  oruamentation,  although  in  a  few  cases  it  is  sufiident  to  cha- 
racterize the  species.  The  other  elements  for  spedfic  distinction  are 
of  the  same  nature  as  those  which  I  have  already  mentioned  in  the 
case  of  Orthoceras.  The  spedes  belonging  to  the  group  with  central 
siphuucle  have  generally  a  circular  cross-section,  wherein  they  ap- 


\ 


*  [See  Quart.  Journ.  Gcol.  Soc  vol.  viu.  MitccU.  p.  33.— Ed.] 


i 


Digitized  by 


Google 


BARRANDB — 8ILVRIAN  CEPHALOPODA  OF  BOHEMIA. 


25 


proximate  to  Orthaceras,  and  form  a  transitional  group  between  the 

two  genera.  The  mouth  in  nearly  all 
my  species  of  Cyrtoceras  is  analogous 
to  that  of  OrthoceraSy  i,  e,  it  is  not 
contracted,  but  corresponds  in  shape 
to  the  cross-section  of  the  shell.  Still, 
I  have  met  with  a  small  number  of 
species  in  which  the  body-chamber  is 
swollen  in  the  middle  and  again  nar- 
rows towards  the  mouth,  such  as  C,  he- 
^  teroclytum  (fig.  8  a,  i) ;  nevertheless 
Cs)  ^      the  mouth  preserves  the  same  shape  as 

Cfrtoetraa\eUroei9Utm,Bwn.  the  transversc  section  of  the  shell. 
Thus  there  b  a  transition  from  Cyrtoceras  to  Phragmoceras ;  and 
these  genera  also  approximate  in  their  style  of  curvature. 

7.  Gomphoceras, — ^This  genus  differs  from  Orthoceras  chiefly  in 
the  contraction  of  its  mouth  to  a  smaU  aperture  (fig.  9  a,  b).     All  the 


Fig.  9. 


GompAocerof. 


species  known  to  me  are  but  slightly 
elongate,  and  therein  they  approach  the 
second  division  of  the  Orthocerata  above 
described.  Like  these  also  the  Gom- 
phoceras  has  an  inclination  to  curve, 
especially  in  the  chambered  portion: 
fig.  9  a  shows  one  of  the  sides  nearlv 
straight,  and  the  other  somewhatarched. 
This  analogy,  however,  does  not  extend 
beyond  the  external  form;  for  in  the 
Bohemian  Gomphocerata  the  position  of 
the  siphuncle  is  very  variable.  Some- 
times we  find  it  in  the  centre,  often  between  the  centre  and  the  convex 
or  dorsal  border,  sometimes  between  the  centre  and  the  ventral  or 
straight  border.  In  respect  of  external  ornamentation  this  genus 
has  but  little  variety,  since  most  of  the  species  are  marked  merelv  by 
the  lines  of  erowth.  Nevertheless  they  are  easily  distinguished  by 
the  form  of  me  mouth,  the  position  of  the  siphuncle,  &c. 

8.  Phragmoceras, — For  a  long  time  I  held  a  conviction  that  this 
genus  totally  differed  from  Gamphoceras  on  account  of  the  curvature 

and  especially  the  constant 
position  of  the  siphuncle  on 
the  concave  or  ventral  bor- 
der. Circumstances  have 
changed  my  views,  for  in 
1851  I  discovered,  to  my 
great  astonishment,  aPAra^- 
moceras  very  well  character- 
ized by  the  contraction  of  its 
mouth  and  the  curvature  of 
its  shell,  but  possessing  a 
dorsal  siphuncle.  Since  then 
„ .  .  I  have  obtained  manv  spe- 
cimens with  this  anomalous  position  of  the  siphuncle ;  and,  although 


Fig.  10 


Phragmoeerat  Broderipii,  Bur. 
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Pkragtnoeenu  eallitiomm, 
Barnmde. 


Fig.  13. 


tbey  all  belong  to  one  species  (P.  pervermm),  they  senre  to  establish 

(from  the  position  of  the  siphimcle  and  the  slight  curvature  of  the 

shell)  an  eyident  transition  from  Phragmoceraa  to   Gamphocenu. 

pj«^  11^  pjg   12.  '^®  Bohemian  spedes  of 

*  Phragmocenu     haTe    but 

little  ornament  on  the  shell. 
They  are  chiefly  character- 
ized by  the  general  form 
and  the  manifold  conditions 
of  the  mouth  of  the  shell. 
Thus  P.  caUUtama  (fig.  1 1 ) 
has  three  notches  on  each 
pkrmgimoeeraM  Looeni,  sidc  of  the  larger  aperture 
^■™^-  of  the  mouth ;  and  P.  lo- 

oms (fig.  12)  has  only  two  notches  on  each  side. 

9.  Ascoceras. — ^The  form  of  this  singular  Cephalopod  (fig.  13)  pre- 
sents some  slight  analogy  to  Ptychoceras  among  the  Ammoniiida, 

In  Aacoceras  the  shell  is  bent  quite  back 
upon  itself,  as  in  Ptychoeeras.  In  the 
former,  however,  the  chambered  portion 
(fig.  13  yyy)  is  very  short,  and  con- 
tains onl^  3-7  chambers,  and  the  reflected 
portion,  mstead  of  mei^y  running  back 
parallel  to  the  body-chamber,  a  /3,  hes 
close  to  it,  and  indeed  is  recessed  in  it ;  so 
that  the  whole  forms  a  cylindrical  body, 
covered  by  one  shell,  instead  of  there 
being  two  distinct  and  parallel  branches, 
as  in  PtychoceroB,  The  shell,  ooverine 
at  the  same  time  both  air-chambers  and 
body-chamber,  hinders  one  from  recog- 
nizing the  nature  of  this  fossU  so  long  as 
the  well  is  perfect;  but  when  this  is 
partly  removed,  the  two  enclosed  parts 
can  be  distinguished. 

The  siphuncle,  passing  from  the  body- 
chamber  to  the  air-chambers,  can  be  easOy 
seen  at  the  extremity  of  the  fossil  {I) ; 
still  it  was  not  possible  to  detect  how  the 
several  chambers  communicated  one  with  another.  The  mouth  (a) 
is  always  nearly  circular  and  without  contraction,  as  in  Orthocenu. 
Nearly  all  the  species  have  a  somewhat  ornamented  shell,  which, 
together  with  the  difference  of  general  form,  serves  for  specific  di- 
stinction. They  are  generally  small  in  size,  not  exceedmg  5-10 
centimetres  in  length. 

10.  Goniatites, — ^This  genus,  the  solitary  representative  of  the 
JmmonitieUe,  has  Aimished  at  least  six  species,  all  of  which  belong  to 
the  Nautilini  group  of  MM.  Sandberger.  I  have  already  pointed 
out*  the  great  analogy  existing  between  these  Goniafites  and  the 
Nautili  of  my  Stage  £.     It  is  also  worthy  of  remark  that  all  the 

*  [Quart.  Jouni.  Geol.  Soc.  vol.  x.  MisoelL  pp.  7  &  8.— Ed.] 


AMcoeera*. 
a,  outline. 

6,  trancrene  section. 
a  fit  the  body^hamber. 
Y  y  y,  the  Bir^hamben. 
£,  place  of  the  slphunde. 


\ 


Digitized  by 


Google 


GREl¥INOK — NORTHERN  PERSIA.  27 

Croniatites  I  have  yet  found  are  confined  to  my  Stage  F,  and  to  a 
few  localities. 

The  state  of  preservation  of  these  fossil  remains  often  leaves  much 
to  be  desired,  smce  they  lie  in  a  more  or  less  argillaceous  limestone 
where  the  shell  has  disappeared.  Their  ornamentation,  therefore,  is 
not  easily  recognized,  and  exhibits  in  well-preserved  fragments  much 
uniformity.  The  dorsal  position  of  the  siphuncle  leaves  no  doubt  as 
to  the  generic  relations  of  these  cephalopods,  which  from  the  form  of 
their  septa  might  readily  be  confounded  with  the  Nautilida,  One 
species,  which  I  term  G,  Bohemicus,  has  a  diameter  of  25  centi- 
metres.    [T,  R^  JH 

Oh  same  Metals  occurring  in  the  Auriferous  Sand  q^  Tran- 
sylvania.    By  K.  Zerrenner. 

[Sitz.  Bericbt.  d.  matb.  lut.  Kl.  d.  Wiener  Akad.  vol.  xL  pp.  462-464.    Leonhard 
Q.  Bronn's  N.  Jabrb.  1854,  p.  68.] 

In  the  washing  of  at  least  15,000  cwts.  of  the  auriferous  sand  of 
Olahpian  in  the  Siebenburgen  there  were  found  only  three  very  small 
grains  of  platinum — a  flattened  morsel  of  native  copper  (observed  else- 
where only  in  the  gold-washings  at  Goroblagodatski  in  the  Ural), 
— native  lead  in  rather  larger  quantity,  occurring  sometimes  as  small 
scales  and  grains  in  the  gold-sand  of  the  Tiskur  range,  and  since 
1839  it  has  been  occasionally  met  vrith  in  the  Bogolowsk  district  of 
the  Ural,  in  the  Leontjewskoi  mine,  and  in  the  auriferous  sand  of 
Velika,  near  Pozega,  in  Southenx  Slavonia,  in  somewhat  larger 
grains,  ^  Loth  [-^ ounce]  in  weight; — cyanite  and  felspar-porphyry 
occur  as  ingredients  in  the  Olahpian  gold-sand.  [T.  K.  J.J 


The  Geology  of  Northern  Persia.    By  Dr.  C.  Grewingk. 

8vo,  pp.  148.  With  Woodcuts  and  Geological  Map.  St.  Peters- 
burgh.  1853.  Die  geognostischen  und  orographischen  Verhalt- 
nisse  des  nordlichen  rersiens. 
This  work  is  the  result  of  M.  Grewinsk's  examination  of  the  geo- 
logical specimens  collected  by  Dr.  F.  Bimse,  in  his  travels  in  1847-49, 
and  forwarded  by  him  to  the  author,  and  of  the  collection  made  by 
M.  Woskoboinikow,  together  with  the  examination  and  collation  of 
the  accounts  of  these  and  other  earlier  travellers.  This  first  attempt 
of  a  general  view  of  the  geological  conditions  of  Northern  Persia  is 
illustrated  by  a  coloured  lithograph  map,  sketched  by  the  author 
according  to  the  latest  geo^phical  information. 

The  geographical  description  of  the  district  occupies  pp.  2-30 ; 
the  geological  notices  of  the  several  localities,  with  full  references  to 
numerous  authorities,  occupy  pp.  31-119  ;  and  the  general  view  of 
the  geology  of  the  whole  region  is  given  in  pp.  120-148. 
The  formations  recognized  by  the  author  are — 
Granite  and  quartziferous  porphyry. 
Diorite,  serpentine,  diorite-porphyry,  porphyritic  breccia. 
Diabasic  porphyry,  melaphyre,  and  breccias ;  amygdaloid,  dolerite, 

and  basalt. 
Andesite,  porphyritic  trachyte,  pearlstone,  tuffii,  and  breccias. 


Digitized  by 


Google 


28  GEOLOGICAL  MEMOIRS. 

Lavas.  (In  treating  of  these  the  author  enumerates  the  earth- 
quakes and  hot-springs  of  the  district.) 

TraTertine  and  alluyium. 

Diluvial  and  tertiary  formations.  (The  latter  with  gypmferoua 
marb  and  nummulitic  rocks.) 

Cretaceous  formation. 

Jurassic  formation.     (Including  Hippurite-limestone.) 

Coal  formation. 

Silurian  formation.  [T.  R.  J.] 


On  Fossil  Species  of  Rhinoceros*.    By  M.  Duternot. 

[Archives  du  Museum  d'Hist.  nat.  tome  viL  livr.  1, 1853.    Coaq>,  Compt.  Rend. 
voL  xxxvi.  1853,  and  Leonhard  u.  Bronn's  N.  Jahib.  1854,  pp.  243-248.] 

M.  Duyernoy's  memoir  consists  of  four  parts,  and  an  introduction. 
In  the  latter  the  author  enumerates  the  sources  of  the  materials  of 
his  essay,  and  hriefly  reviews  the  Cuvierian  species  of  fossil  Rhinoce- 
roses and  the  subsequent  labours  of  BlainviUe,  Lartet,  Laurillard,  and 
Gerrais.  The  essay  itself  treats  successively  of — the  recent  RhinO' 
ceroses  and  their  osteolo^, — the  miocene  species, — ^pliocene  species, 
— and  those  of  the  diluvium  and  caverns. 

The  fossil  species  described  and  illustrated  (with  eight  plates)  in 
this  memoir  are  thus  arranged  by  the  author : — 

Miocene.     From  the  valleys  of  the  Allier  and  of  Haute-Loire 

iGrannat  and  Randan) ;  and  from  the  basin  of  the  Garonne 
Simorre,  Sansan,  &c.). 

1 .  Rhinoceros  incisivus,  Cuvier.     From  Sansan. 

R,  Schleyermacheriy  ELaup. 
JS.  SansaniejmSy  Lartet. 

2.  R.  minutus,  Cuvier,     From  Moissac^dep.  Tarn  et  Garonne. 

3.  R.  brachypus,  Lartet,    From  Simorre. 

4.  R.  pleuroceros,  Duv.  n.  sp.     From  Gannat. 

5.  R.  Randanensis,  Buv,  n.  sp.     From  Randan. 

6.  Acerotherium  typus,  Duv,    From  Sansan. 

A,  incisivum,  Kaup. 

R.  tetradactylus^  Lartet. 

7.  A.  Gannatense,  Buv,  n.  sp.     From  Gannat. 
Pliocene. 

1 .  Rhinoceros  leptorhinus,  Cuvier,    From  North  Italy,  Mont- 

R,  de  Montpellier,  Marcel  de  Serres.      [pellier,  &c. 
R,  meffarhinus,  De  Christol. 

2.  R.  protichorhinus,  Duv,     From  Clacton,  Essex. 

R,  leptorhinus,  Owen. 
Diluvium  and  Caverns. 

1 .  R.tichorhinus,  Cuvier,  From  Siberia,  France,  England,  &c. 

2.  R.LunellenBis,6rerrat«.    From Lunelvieil, near Montpellier. 

3.  Stereoceros  Galli  (vel  typus),  Duv,  (=£lasmotherium, 

Fischer,  according  to  Kaup  and  Laurillard,)     From 
the  Rhine  valley.  [T.  R.  J.] 

^,    *  [See  also  M.  Giebers  paper,  Q.  J.  G.  S.  voL  viiL  Miscell.  p.  9  ei  wy.] 


1 


Digitized  by 


Google 


ALPHABETICAL    INDEX 

TO  TBB 

PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 


[The  foisils  referred  to  are  described,  and  those  of  which  the  names  are  printed 
in  italics  are  also  figured.] 


Abbey  Wood,  sections  near,  101, 107. 

Acton  Scott  flags,  66. 

iEchmodus,  Sir   P.  Egerton  on  the 

genus,  367. 
JSMchmidium  Bubat,  394. 
Age  of  the  Farringdon  gravels,  Mr. 

Sharpe  on  the,  176. 
Agglestone,  the,  near  Studland,  126. 
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a  seam  of,  207. 

seams  at  the  Joggint,  13. 

Oolney  Hatch,  well-section  at,  145. 
Committee,  Report  of  the  Library  and 

Muaeum,  iiL 
Coniferous  tree,  erect,  in  the  coal,  26, 

34. 
Copenhagen  fields,  London  Clay  foatilt 

from,  415. 
Corbula  AmfmidH,  155. 

Regulbientif,  157. 

Corethrium  Pertkuuc,  894. 
Corfe,  fossil  insects  from,  881. 
Cornwall,  Mr.  Pattison  on  anriferaiB 

quartz  in,  247 ;  porphyritic  lockt  o£^ 

Coromandel  golddiggingt,  New  Zea- 
land, 822. 

Council,  Report  of,  i 

Counter  Hill,  fottiU  from,  104. 

Cretsage  thalet,  64. 

Cretaoeoua  rockt  of  Penia,  46S;  the 
Bavarian  Alpt,  352. 
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Creteoeoni  leriet,  Mr.  Prettwich'  on 
its  relatioii  to  the  lower  tertitiieSf 
443. 

Croydon,  section  at,  99. 

Cmstaoean  tncks  in  the  Lingiik  flags, 
SOS. 

Crystallized  gold  from  Anstralia,  303. 

CUmeermm  BHitui,  395. 

HyUutu,  395. 

Comming,  J.  6.,  on  the  superior  limits 
of  the  glacial  deposits  in  the  Isle  of 
Man,  21. 

Cmremlmm  Syrichihut,  393. 

Cwm-eisen  gold-works,  244. 

Cytkmimm  Baitdmvaiianumf  395. 

HewUsonianuMt  396. 

Cyrena-day  of  the  Mayence  Basin,  285. 

CyrtiM  eordata,  158. 

—  mtermediai  155. 

Cff  there  Ko$telenn»,  161. 

WttherdUi,  161. 

Cytkertia  tngtUatoporUy  162. 

pUeata,  162. 

Cytheridea  MuUeri,  160. 

Dapedius,  Sir  P.  Egerton  on  the  genus, 
367. 

Davidson,  T.,  classification  of  the  Pal- 
liobranchiates,  noticed,  Ixii;  obser- 
vations on  the  Chonetes  comoides, 
202. 

DaTidstowe,  aariferoas  quartz  at,  248. 

Dawson,  J.  W.,  on  the  coal-measures 
of  the  South  Joggins,  Nora  Scotia, 
I ;  on  the  structure  of  the  Albion 
coial-measures.  Nova  Scotia,  42. 

Deccan,  fossil  fish  from  the,  371 ;  geo- 
logy of  parts  of  the,  55, 470. 

Delesse,  A.,  on  the  pegmatite  of  Ire- 
Umd,  397 ;  on  the  structure  of  rocks, 
noticed,  Ixxv. 

DemtaUvm,  fossil,  from  Heme  Bay,  155. 

Description  of  a  fossil  mammal  from 
Purbeck,  by  Prof.  Owen,  426 ;  plant 
by  Dr.  Hooker,  199 ;  of  some  fossil 
fish  by  Sir  P.  Egerton,  367 ;  insects 
by  Mr.  Westwood,  378 ;  palliobran- 
chiates  by  Mr.  Davidson,  202 ;  rep- 
tUes  by  Prof.  Owen,  207,  420,  473 ; 
of  some  fossils  from  the  Woolwich 
and  Reading  series  by  Mr.  Morris, 
157 ;  of  some  of  the  Parringdon  fos- 
sils by  Mr.  Sharpe,  194 ;  of  some 
Silurian  fossils  by  Mr.  Salter,  73 ;  of 
the  entcmiostraca  of  the  Woolwich 
and  Reading  series  by  Mr.  R.  Jones, 
160. 

Diamond  sandstone  of  India,  470. 

Diamondli  from  Australia,  305. 

JHanehora  1  ^tata,  197. 

Diaperidium  Mithras,  394. 

Diqvpey  Woolwich  clay  near^  129. 


D^ieronoiui  eyphw,  369. 
Diss,  fish-remains  in  flints  near,  334. 
Dogmersfield  Park,  well-section  at,  97. 
Dol-y-frwynog  gold-works,  245. 
Donation  Fund,  Award  of  the,  xxi. 
Donations,  vi,  57, 225,  335,  483. 
Dorchester,  insect-remains  from  near, 

384,  481. 
Dorsetshire,  insect-remains  from,  381, 

481 ;  Rev.  Mr.  Brodieonthe  Purbeck 

insect-beds  of,  477. 
Dragon-fly,  fos8il,firom  Stonesfield,  380 ; 

from  Purbeck,  383,  390. 
Drift  deposits  of  California,  317;  of 

Rainy  Lake,  221 ;  of  the  Bavarian 

Alps,  356;  of  the  Isle  of  Man,  211 ; 

of  the  Isle  of  Wight,  5 1 ;  of  the  Nene 

Valley,  343;  of  Victoria,  302;  of 

Tedmandale,  329. 
Druid  sandstones,  Mr.  Prestwich  on 

the,  123. 
Durdlestone  Bay,  fossil  insects  from, 

385;  fossil  reptiles  and  mammals 

from,  420. 
Edwards,  F.  B.,  list  of  Bracklesham  fos- 
sils, 450. 
Egerton,  Sir  P.,  Palichthyologic  Notes, 

No.  6, 367 ;  No.  7, 371 ;  No.  8, 374 ; 

Postscript  to  Palichthyologic  Note, 

No.  4, 367. 
Egypt,  fossil  fish  from,  374. 
Etaterium  Pronaui,  393. 

Triqpoi,  395. 

Barypu$,  395. 

Elevation  of  the  Bavarian  Alps,  M. 

Schlagintweit  on  the,  353;  of  the 

HimaUya,  Captain  Strachey  on  the, 

250. 
Elvan  rocks  of  ComwaU,  361. 
England,  tertiaries  of,  compared  with 

those  of  France  and  Belgium,  455. 
Entomostraca,  fossil,  of  the  Woolwich 

and  Reading  series,  160. 
Epsom,  section  at,  98. 
Erect  Calamites,  35 ;  trees  in  the  coal- 
measures,  26. 
Erratics  of  the  Bavarian  Alps,  356. 

SeeaiioVrifU 
Ewhurst,  section  at,  97. 
Excavation  of  Valleys,  Mr.  Sorby  on 

the,  328. 
Farrinffdon  fossils,  description  ^  some, 

by  Mr.  Sharpe,  194;  gravels,  Mr. 

Sharpe  on  the  age  of  the,  176;  uble 

of  the  fossils  from  the,  189. 
Fem-ieqf,  fossil,  from  Counter  Hill, 

156. 
Fernham,  fossiliforous  gravel  of,  178. 
Ftr-cone,  fossil,  from  the  Reculvers, 

156. 
Fish,  fossil,  from  Mokattam,  Bgypt,374; 
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from  tbe  Deccan,  871 ;  from  the 
New  Red  Sandttone,  367. 

FUh-remdini  from  the  Woolwich  tnd 
Readinf^  series,  166. 

FUh-remains  hi  flint,  834. 

Flint,  fish-remains  in,  334. 

Foot-tiacks  in  the  rocks  at  Hastinnk 
456. 

Forbes,  Prof.  B.  TPresident),  Address 
oo  presenting  the  Wollaston  Medal 
to  Dr.  Griffith,  xix ;  Addreu  on  pre- 
aenting  the  Donation  Fund  Award  to 
Mr.  S.  P.  Woodward,  xxi ;  Anniver- 
tarj  A<ldi'<>^  ™i-  Notice$  qf  De- 
eeoMd  FeUowt :  Baron  Leopold  von 
Bnch,  xzii;  Mr.  H.  £.  StrickUmd, 
zzt;  Mr.  C.  Stokes,  xxvi;  Mr.  A. 
Robertson,  xxTiii;  Mr.  H.  W.  Taylor, 
zxviii;  M.  Barrande's  work  on  the 
Silurian  system  of  Bohemia,  xxix; 
the  Silurian  rocks  of  Bohemia,  xxx ; 
their  dasufication,  and  their  fauna 
oompared  with  that  of  the  British, 
American,  and  other  Silurian  strata, 
TXTJ;  M.  Barrande  and  Mr.  Salter 
on  the  metamorphosis  of  Trilobites, 
^ojcm ;  geology  of  the  British  Isles, 
xzxTii;  classification  of  the  lower 
palseozoic  rocks,  by  Profs.  Sedgwick 
and  M'Coy,  xxxvii;  and  by  the 
Geological  Surreyors,  xxxviii ;  Prof. 
Ramsay's  researches  in  the  Permian 
and  New  Red  rocks,  xl ;  Prof.  Mcht- 
ris's  researches  in  the  ooUtes,  xl ; 
Prof.  Buckman's  researches  in  the 
combrash,  xli;  Mr.  Sharpens  re- 
searches in  the  Farringdon  sands, 
xlii;  Mr.  Prestwich's  researches  in 
the  Woolwich  and  Reading  series, 
xlii ;  Prof.  E.  Forbes's  and  the  Mar- 
chioness of  Hastings'  researches  in 
the  fiuvio-marine  series  of  the  Isle 
of  Wight,  xlii ;  Mr.  Trimmer's  re- 
searches in  the  superficial  deposits, 
xlviii ;  Rey.  Mr.  Thorpe's  researches 
in  the  grayels  of  Yorkshire  and  Not- 
tinghamshire, xliy;  Prof.  Phillipa^s 
researches  in  the  Yorkshire  drift, 
xIt  ;  The  Duke  of  Argyll's  researches 
in  the  crystalline  rocks  of  the  High- 
lands, xIt  ;  Prof.  Harkness's  r&> 
searches  in  the  Silurians  of  South 
Scotland,  xIy  ;  Mr.  R.  Chambers's 
researches  in  the  drift  of  Scotland, 
xlvi ;  the  researches  of  Mr.  Willson, 
Mr.  Kelly,  Mr.  Medlicott,  Prof. 
Haughton,  Mr.  Jukes,  Mr.  Wyley, 
and  Dr.  Griffith,  in  Ireland,  xlvii; 
Geology  of  British  Colonies  and  Pos- 
sessions, xlviii ;  papers  on  India,  W. 
Indies,  Labuan,  Canada,  Nova  Sco- 


tia, Arctic  coasta,  and  Yict<m  fgM^ 
fields,  in  the  Joornal  of  Uie  Sooetyr 
xlriii;  geology  of  the  W.  IndiOr 
xlix;  researches  in  India,  by  Dn. 
Fleming,  Capt.  Young,  Dr.  Kdaart,. 
and  the  Rey.  Messrs.  Hislop  and 
Hunter,  xlix ;  Count  d'Ardnac's  and 
M.  J.  Haime's  work  on  the  fossils  of 
the  nnmmuUtic  rocks  of  India,  no- 
ticed,  1;  Dr.  Hooker's  Himalayan 
Journals,  noticed,  1 ;  geological  sor- 
yeys  of  the  Colonies,  li ;  progress  of 
geology  abroad,  li;  M.  d'Aidiiac's 
*  Progr^  de  la  G^logie,'  noticed.  Hi ; 
M.  C.  Ribeiro's  resetJ^es  in  Poitn* 

gd,  lii ;  MM.  De  Vemeuil's  and  CoU 
mb's  researches  in  Spain,  Ui ;  Mr. 
Austen's  researches  in  the  palseozoic 
rocks  of  the  Boulonnais,  M ;  MM. 
Steininger's  and  Sandberger's  re- 
searches in  the  Devonian  rocka  of  tbe 
Rhenish  Provinces,  Uv ;  M.  Hubert** 
researches  in  the  oslcaire  pisolitiqne, 
liy;  Mr.  Prestwich's  researches  in 
the  RiUy  limestone,  ly;  M.  Sand- 
ber^'s  researches  in  the  Mayence 
tertiaries,  Ivi ;  organic  remains,  Ivi ; 
Prof.  Morris's  Catalogue  of  Britiali 
Fossils,  noticed  and  analysed,  Ivi; 
British  fossil  plants,  lyi ;  amorphoKMi^ 
Iri;  foraminifera,  Ivii;  soophyta,  Ivii; 
bryozoa,  Ivii;  echinodermala,  Irii; 
annelida,  Ivii;  drripedia,  Ivii;  Crus- 
tacea, Iviii;  insecta,  Iviii;  palBo- 
branchiata,  Iviii ;  monomyaria,  Iviii ; 
the  publications  of  the  PaUeontugra- 
phiadSociety,lviii;  MM.M..Edwarda 
and  J.  Haime  on  British  Devonian 
corals,  noticed,  lix;  Mr.  D.  Sharpe 
on  the  mollusca  of  chalk,  noticed,  Ix ; 
MM.  Morris  and  Lycett  on  the  ^^eat 
oolite  mollusca,  noticed,  Ixi;  Prcrf'. 
Owen  on  the  Purbeck  and  Wealden 
chelonia,  noticed,  Ixi ;  Mr.  S.  Wood 
on  the  crag  mollusca,  noticed,  bd; 
Mr.  Davidson  on  the  palliobranchiata, 
noticed,  Ixii;  MM.  d'Archiac's  and 
J.  Haime's  monograph  on  numnni- 
lites,  noticed,  Ixiv;  their  spedea,  Ldv; 
the  history  of  their  study,  Ixv;  their 
zoological  relations,  Ixvi ;  their  geo- 
logical value,  Ixvii ;  discovery  of  a 
land-shell  in  the  coal,  Ixviii ;  disco- 
very of  labyrinthodont  reptiles  in  the 
coal,  Ixix;  permian  paleontology 
(Germany),  Ixix;  Dr.  Homes'  mono- 
graph on  the  miocene  molluaca  of 
the  A^enna  Basin,  noticed,  Ixix ;  re- 
searches in  fossil  botany,  Ixx;  by 
Goppert, Ixxi ;  by  MM.  Ettingsbaasen, 
Heer,  and  de  Zigno,  Ixxii ;  by  MM. 
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Dbwwm,  Podle,  and  Tate,  Ixziii; 
peirological  iDquiriet,  Ixxiii;  Mr. 
Sorby  on  sbty  deavage,  noticed, 
Ixziii ;  on  tbe  evidence  of  the  drift 
cmrentt  in  sandstone,  noticed,  Ixxiv ; 
oo  the  structure  of  limestones,  no- 
ticed, Izzv ;  M.  Delesse  on  granites 
and  ^e  rocks  of  the  Vosges,  noticed, 
IxxT ;  M.  d'Archiac  on  petrological 
changes,  noticed,  Ixxvi;  Mr.  Tylor 
on  dSuiges  of  the  sea-level,  noticed, 
btzvi;  text-books, Ixxvi;  condosion, 
Ixxvii ;  the  manifestation  of  polarity 
In  time,  the  relation  between  the 
paleozoic  and  the  neozoic  faunas 
being  that  of  polarity,  Ixxviii. 

Formiemm  Brodiei,  393. 

Fossil  animal  remains  from  the  Joggins 
coal-measures,  37. 

■  fish  from  the  Deccan,  371 ;  from 
the  New  Red  Sandstone  of  Broms- 
grove,  367. 

■  ■        insects  in  the  Wealden,  Messrs. 

Binfield  on  the  discovery  of,  171 ; 
Mr.  Westwood's  description  of  some, 
378. 

—  Isopods  from  Dorset  and  Wilts, 
885,480. 

—  plants,  foreign  researches  in,  no- 
ticed, Ixx;  from  India,  471,  472; 
from  Madeira,  326;  from  Reading, 
Dr.  Hooker  on  the,  163 ;  from  the 
coal,  Mr.  Dawson  on  the,  30;  Dr. 
Hooker  on  the,  201. 

reptile  from  Central  India,  473; 

from  Nova  Scotia,  207 ;  reptiles  and 
mammals  from  the  Purbecks,  420. 

Fossils  from  Acton  Scott  and  Cheney 
Longvitle,  67;  Bishopstone  Ravine, 
111 ;  Boughton,  109 ;  Bracklesham, 
460;  Castle  HiU,  Newhaven,  84; 
Counter  Hill,  104;  Horderley,  66; 
Minton,  Bograine,  &c.,  69 ;  near 
Woolwich,  102;  Kew  Cross,  104; 
Richborouffh,  113 ;  Shineton  and 
Hamage,  64 ;  Sundridge  Park,  100 ; 
Upnor,  108 ;  the  Farringdon  gravels, 
199;  the  Hoar  Edge  grits,  &;  the 
lower  greensand  of  Furze  Hill,  Far- 
ringdon, 178. 

— —  from  the  mammaliferous  gravels 
at  Orton,  346 ;  Pentameruslimestone, 
70;  Trinucleus  shales,  68 ;  the  Vic- 
toria Docks,  435 ;  Wenlock  shale,  71 ; 
West  India  Docks,  432;  Woolwich 
and  Reading  series,  155. 

— —  of  the  Bracklesham  series,  450 ; 
Mayence  tertiaries,  274 ;  London 
Clay,  411. 

_9  oolitic,  from  the  Farringdon  nra- 
velf,  180;  of  the  Bavarian  Alps,  349. 


Fossils,  secondary,  from  Nagpur,  472; 
from  Persia,  468. 

^— ,  Silurian,  description  of  some, 
by  Mr.  Salter,  73. 

^— ,  tertiary,  from  Nagpur,  471 ;  from 
Persia,  465. 

France,  tertiaries  of,  455. 

Furrows  and  sand-pipes,  Mr.  Trimmer 
on,  231,  474. 

Furze  Hill,  Farringdou,  lower  greensand 
of,  178. 

Gelatinous  silica  in  the  mottled  days, 
123. 

Gems  from  Australia,  Mr.  Stephen  on, 
303. 

Geology  of  California,  Mr.  Wilson  on 
the,  308 ;  Nagpur,  MM.  Hislop  and 
Hunter  on  the,  470 ;  part  of  India, 
Lieut.  Sankey  on  the,  55 ;  parts  of 
Madeira,  Sir  C.  Lyell  on  the,  325 ; 
Rainy  Lake,  Dr.  Bigsby  on  the,  215 ; 
the  Bavarian  Alps,  Dr.  Schlagintwdt 
on  the,  346  ;  Himalaya,  Capt.  Stra- 
chey  on  the  physical,  249 ;  Mayence 
Basin,  Mr.  Hamilton  on  the,  254; 
Merioneth  gold-district.  Prof.  Ramsay 
on  the,  242;  Mount  ^exander  dis- 
trict, Mr.  Sdwyn  on  the,  299 ;  Turko- 
Persian  frontier,  Mr.  Loftus  on  the, 
464;  Victoria,  Mr.  B.  Hopkins  on 
the,  324. 

Gladal  deposits  in  the  Isle  of  Man, 
Rev.  Mr.  Gumming  on  the,  211. 

^—  scratchings  in  the  Alps,  358 ;  in 
the  Isle  of  Man,  213.    . 

Gold-bearing  quartz  in  Cornwall,  247 ; 
rocks  of  California,  308;  of  New 
Zealand,  322 ;  of  North  Wales,  242 ; 
of  Victoria,  299,  324. 

Gold-crystals  from  Australia,  303. 

Gold  diggings  in  California,  308 ;  New 
Zealand,  322 ;  Victoria,  299,  324. 

Granite  of  Mount  Alexander,  299. 

Gravels  and  sands  of  Farringdon,  176. 

Gravels,  mammaliferous,  of  the  Nene 
VaUey,  343. 

Green  sand  in  the  Woolwich  and  Read- 
ing series,  Mr.  Prestwich  on  the,  122. 

Grey- wethers  of  Wiltshire,  125. 

Griffith,  Dr.  R.,  reply  to  the  President 
on  the  awarding  of  the  Wollaston 
Medal,  xx. 

GryUidiwn  Oweni,  395. 

Gypsiferous  rocks  of  Persia,  465. 

Halsted,  wdl-section  at,  154. 

Hamilton,  W.  J.,  on  the  geology  of  the 
Mayence  Basin,  254. 

Hampshire  district,  Woolwich  and  Read- 
ing series  in  the,  80. 

Hampstead,  London  Clay  fossils  from, 
415. 
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HtDwell,  irdl-section  at,  94. 
HarpaHdmm  ^naetw,  898. 

Notknu,  895. 

Hattiiigt,  MarchioneM  of,  nsetrchet, 

noticed,  xliiL 
Hastings,  discovery  of  fbttil  insects  at, 

171;  ichnites  on  the  rocks  at,  456; 

section  of  the  coast  at,  174. 
^—  sands,  fossil  insects  from  the,  882. 
Haverstock  Hill,  fossils  from,  415. 
Headon  Hill,  Mr.  Prestwich*s  oonee- 

tion  of  his  list  of  shells  from,  188. 
Heaphy,  C,  on  the  Coromandel  gdd- 

d^npiigs  in  New  Zealand,  Si2, 
H^bot,  M.,  on  the  calcaire  pisolitiqne, 

noticed,  liv. 
H^opidmm  Neffriiat,  895. 
Neiqnwm  AgabuM,  898. 
Heme  Bay,  section  near,  111. 
Hertford,  section  near,  92. 
Hertfordshirepudding-stone,  Mr.  Prest- 

wich  on  the,  125. 
Heterocercal  fish,  SirP.  Egertonon,a68. 
Highdere,  section  at,  96. 
Highgate,  fossils  from,  414. 
Himuaya,  Capt.  Strac^ey  on  the  phy- 
sical geology  of  the,  249. 
Hippnritide,  Mr.  Woodward  on  the, 

Hislop,  S.,  and  R.  Hunter,  on  the  geo- 
lonr  of  the  neighbourhood  of  Nagpur, 

Historical  sketch  of  the  Joggins  coal- 
measnres,  15. 

Hoar  Edge  grits,  62. 

Hoddesden,  well-section  at,  146. 

HoUoway,  fossils  frt>m,  415;  weD-sec- 
tion  at,  144. 

Homocercal  fish,  Sir  P.Egerton  on,  868. 

Hooker,  J.  D.,  Himalayan  Journals,  no- 
ticed, 1 ;  on  a  new  species  of  Volk- 
mannia,  199;  on  the  fossil  plants 
from  Reading,  163. 

Hopkins,  E.,  on  the  geological  forma- 
tion and  gold-bearing  rocks  of  Vic- 
toria, 824. 

Horderiey  flags,  65. 

H<mier,  L.,  on  fossil  fish  from  Egypt, 
877;  on  some  intrusive  igneous  rocks 
in  Cawsand  Day,  near  Plymouth,  859. 

Homsey,  fossils  from,  415;  well-secUon 
at,  145. 

Hoxton,  well-section  at,  144. 

Hunter,  R.,  and  S.  Hislop,  on  the  geo- 
logy of  Nagpur,  470. 

Hydrate  of  alumina  in  the  Woolwich 
and  Reading  series,  84,  128. 

Ifydrokia  Parknuoni,  160. 

Webtten,  160. 

Hymenocaris  termicauda,  tza<^  of,  in 
the  lingula  flags,  210. 


Ichthyolites  fitna  Bromsgrore,  8C7; 
frt>m  Mokattam,  874 ;  from  the  Dec- 
can,  871. 

Igneous  rocks  in  Califoniia,  Mr.  WOaoii 
on,  815, 819 ;  in  Cawsand  Bay,  Mr. 
Homer  on,  359;  in  Victoria,  Mr. 
Selwyn  on,  801. 

India,  fossils  from,  871,  470,  478 ;  geo- 
logy of  parts  of,  55, 249,  470. 
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